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PREFACE 


Test instruments are extensions of our senses, particularly 
of the sense of sight. With a grid-dip meter, we can “see” the 
resonant frequency of a circuit. An oscilloscope permits us to 
“see” the percentage modulation of a carrier. The standing- 
wave ratio on a line can be “seen” with the aid of a reflected- 
power meter. 


Much time, otherwise wasted in trial-and-error experiment- 
ing, can be saved by the use of suitable instruments. Damage 
to expensive components can often be avoided by measuring 
instead of “guesstimating.” If distortion occurs in a speech 
system, the operator, with a scope can usually localize the 
fault before a “guesstimator” gets well under way. 


Test instruments are interesting and instructive, in addition 
to being valuable tools. In getting the most out of our test 
equipment, we learn considerable electrical theory without 
realizing it. For example, if we measure different voltages in 
a grid circuit, using a VOM instead of a VIVM, the question 
“why” immediately demands an answer. In answering the 
question, we find that we have learned something new, in an 
interesting and effective way. 


It has been observed that “you can’t buy experience,” and 
in the final analysis this is true. On the other hand, a brass- 
tacks test-equipment book lets us rub elbows with experience. 
And with normal luck, a worthwhile amount of experience 


will rub off. 
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INTRODUCTION 


We find our test instruments very useful around the shack. 
With a grid-dip meter we can check RF filter sections, measure 
the resonant frequencies of stubs, localize parasitic oscillations, 
find the Q of a tuned circuit, measure the velocity factor of a 
line, and make numerous other tests explained in these pages. 

A grid-dip meter is basically a VFO in a compact case, with 
external plug-in coils. It can be employed as a signal generator 
or marker generator. Inductance, capacitance, and distributed 
capacitance can be measured. With a pair of headphones plugged 
into the grid circuit, we can use the grid-dip meter to check 
other RF frequencies. 

Reflected-power and SWR meters are helpful in adjusting 
matching sections and in tuning for maximum output. The instru- 
ment can also be used as a continuous monitor, and can be con- 
nected permanently into the coax transmission line. No external 
power source is needed. 

We find antenna impedance meters useful for checking RF 
impedance matches, for localizing sources of reradiation, and for 
monitoring phone operation. An antenna impedance meter is 
basically a high-frequency resistance bridge. It can be used to 
check the RF resistance of numerous components in a ham rig. 

Oscilloscopes are particularly useful for checking out phone 
transmitters. The skillful operator uses his scope all the way 
through, from the speech amplifier to the final. Details of circuit 
operation that are completely missed in meter tests will show 
up clearly on a scope screen. 

It sometimes comes as a surprise to find that a scope shows 
waveform distortion, even when the signal frequency is so high 
that individual cycles cannot be seen. We make use of bright- 
ness clues and base-line levels in the RF patterns, to detect the 
presence of distortion. 


We also find a 1,000-cycle impedance bridge very useful around 
the shack and shop. Resistances can be measured more accurately 
than with an ohmmeter. Capacitance values can be determined. 
We can measure inductance, power factor, and impedance. 

You will find that this is a complete, practical reference book, 
with a minimum of unnecessary theory. It is self-contained, and 
carefully indexed and cross-referenced. Explicit instructions are 
given, so that the novice, as well as the old-timer, can perform 
the tests. 

Many readers will also be interested in the companion volumes 
of this series—particularly 101 Ways to Use Your Oscilloscope 
and 101 Ways to Use Your VOM and VTVM. 

A good knowledge of test instruments can make the greatest 
hobby in the world even better! 
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GRID-DIP METERS 


To Check the Consistency of Scale Indication of a Grid- 
Dip Meter 


Equipment: Grid-dip meter, 10- or 15-foot section of twin-lead, 
and a 2-inch square copper plate. 

Connections Required: Short the twin-lead at one end, preferably 
to the center of the 2-inch square copper plate (for a good 
RF short circuit). NOTE: The greatest advantage of the 
copper-plate short is found at high frequencies. At low fre- 
quencies, twisting the ends of the line together gives prac- 
tically as good an RF short as a copper plate. 

Procedure: Inductively couple the grid-dip meter to the shorted 
end of the stub, as shown in Fig. 1. Tune the grid-dip meter, 
and watch for successive dips. A dip should occur at each odd 
harmonic of the lowest-frequency dip. 

Evaluation of Results: The meter scale should read accurately 
at the third, fifth, seventh, etc., harmonic frequencies. 


The grid-dip meter should be loosely coupled to the stub for 
a sharp dip indication. Too close coupling can “kill” the oscillator 


or throw the scale reading off. For the most accurate response, 
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GRID-DIP METERS 


support the stub in free air. Too close coupling loads the grid-dip 
meter tank heavily, and reduces its Q. This can cause the tank 
to develop harmonics. Spurious dip indications also become 
noticeable when the coupling is too tight. 


Bi 


’ 2a METER 


TWIN ee 
LEAD a 


OPEN 


Fig. 1. Coupling grid-dip meter to stub. 


NOTE 1 


Coupling Grid-Dip Meter to Circuit Under Test 


For most applications, it is more 
convenient to use inductive cou- 
pling between the grid-dip meter 
and the circuit under test. Maximum 
coupling results when the oscillator 
coil of the grid-dip meter and the 
current flow in the circuit under test 


GRID-DIP 
METER 


(A) Coupling to coil. 


are at right angles (coil wire parallel 
with wire in the line), as shown in 
Fig. 2. Capacitive coupling is neces- 
sary in some applications, such as to 
a coaxial line, where shielding com- 
plicates the situation. (See Fig. 3.) 


(B) Coupling to single line. 


Fig. 2. Inductive coupling between grid-dip meter and circuit under test. 


Capacitive coupling should always 
be used when testing at a voltage 
maximum because a voltage maxi- 
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mum has a strong electrostatic (but 
zero electromagnetic) field. Inductive 
coupling should always be used when 


GRID-DIP METERS 


testing at a current maximum be- 
cause a current maximum has a 
strong electromagnetic (but a zero 
electrostatic) field. 

The coupling (inductive or capaci- 
tive) should always be as loose as 


GRID-DIP 
METER 


(A) Coupling to coil. 


possible. That is, the separation be- 
tween the oscillator coil of the grid- 
dip meter and the circuit under test 
should be as great as possible, and 
still provide a readable dip. 


GRID-DIP 
METER 


(B) Coupling to coaxial line. 


Fig. 3. Capacitive coupling between grid-dip meter and circuit under test. 


NOTE 2 


Characteristics of a Shorted Stub 


A shorted stub (Fig. 4A) has an in- 
finite number of resonant frequen- 
cies. The lowest resonant frequency 
occurs at one-quarter wavelength, 


(A) Shorted stub. 


MAX, 
yout nst 
MIN. — MIN. 
CURRENT ----— 
(B) Lowest resonant fre- 


MAX, 


(D) Fifth harmonic of lowest 
resonant frequency. 


as shown in Fig. 4B. For this reason, 
a shorted stub is often called a 
quarter-wave stub. The voltage is 
always zero at the shorted end of 


MAX. 


(C) Third harmonic of lowest 
resonant frequency. 


MAX. 


(E) Seventh harmonic of low- 
est resonant frequency. 


Fig. 4. Voltage and current distribution along shorted stub. 
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the stub, and the current is always 
greatest. Conversely, the voltage is 
always greatest at the open end of 
the stub, and the current is always 
zero. This is true because the volt- 
age is zero across a short circuit, 
and the current flow is maximum. 
At any odd harmonic of the lowest 
resonant frequency (Figs. 4C, D, and 


GRID-DIP METERS 


E), we again find minimum voltage 
and maximum current at the shorted 
end of the stub. Conversely, at any 
odd harmonic of the lowest resonant 
frequency, we find maximum voltage 
and minimum current at the ‘open 
end. Hence, the shorted stub is reso- 
nant at all odd multiples of its 
lowest resonant frequency. 


NOTE 3 


Communications Receiver Is Convenient Indicator for 
Making Accurate Frequency Checks 


A communications receiver can be 
used when an accurate frequency 
check of a grid-dip meter is desired. 
The receiver should first be cali- 
brated, if necessary, against WWV 
or another accurate standard. Oper- 
ate the grid-dip meter at various 
frequencies, and couple its output to 
the receiver lead-in. Then tune the 
receiver for zero beat against the 
grid-dip meter signal. Finally, com- 


pare the scale reading of the grid- 
dip meter against the frequency read 
on the receiver tuning dial. If the 
grid-dip meter is off calibration, it is 
advisable to draw a graph of the 
error. Plot the scale readings of the 
grid-dip meter against those of the 
receiver tuning dial. Then, when 
using the grid-dip meter, you can 
refer to the graph to correct the 
grid-dip scale reading. 


To Check the Stability of a Grid-Dip Meter 


Equipment: Grid-dip meter, 10- or 15-foot section of twin-lead, 
and a 2-inch square copper plate. 

Connections Required: Short the twin-lead at one end, preferably 
to the center of the 2-inch square copper plate (for a good 
RF short circuit). (See Fig. 5.) 

Procedure: Tune the grid-dip meter for a dip at any chosen 
resonant frequency of the stub. Leave the test setup oper- 
ating for several minutes. Then observe whether the dip 
point has drifted on the meter scale. 

Evaluation of Results: If the grid-dip meter is stable, the dip 
indication will not change. A grid-dip meter is usually more 
stable at low than at high frequencies. 
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GRID-DIP METERS 


Fig. 5. Test setup. 


GRID-DIP 
METER 


OPEN 


NOTE 4 


Dip Indication Ils Sharp When Tuned Stub Is Tested 


The resonance dip is sharp when a 
tuned stub is tested with a grid-dip 
meter. A very small motion of the 
tuning dial tunes the meter com- 
pletely through the resonance curve. 
Hence, it is impractical to plot the 
resonance curve of a tuned stub 
from grid-dip meter indications. The 
resonance dip is sharp because a 
tuned stub (usually) has a high Q. 
If the insulating material of the 


cable or twin-lead is lossy, however, 
the dip will be broad and shallow. 
Note that if the stub is coupled too 
tightly to the grid-dip meter tank, 
the dip will apparently become very 
broad; and as resonance is ap- 
proached, the stub “kills” the oscil- 
lator. Beginners should not confuse 
the symptoms of excessively tight 
coupling with the response of a 
low-Q stub. 


To Check a Grid-Dip Meter for Self-Resonances 


Equipment: Grid-dip meter. 
Connections Required: None. 


Procedure: Plug in the various coils, and tune the instrument 
through its range, watching for any spurious dips. 

Evaluation of Results: Spurious dips caused by self-resonances 
inside the instrument are most commonly found at high fre- 
quencies. These spurious dips must be taken into account 
when making tests, to avoid false conclusions. 
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Sometimes spurious dips can be improved by a slight re- 
arrangement of ground connections inside the instrument. At 
other times, it will be impossible to eliminate spurious dips 
entirely. 


To Check the Efficiency of an RF Short Circuit 


Equipment: Grid-dip meter and stub under test. 

Connections Required: Connect short-circuit means to end of 
stub. 

Procedure: Couple coil of grid-dip meter to one of the stub 
conductors, halfway along the stub, as shown in Fig. 6A. 
Tune the grid-dip meter through the second harmonic of 
the lowest frequency to which the stub is resonant. For ex- 
ample, if the stub resonates first at 10 mc, tune the grid-dip 
meter through 20 mc. Watch carefully for any dip indication. 


SHORT 


GRID- DIP 


Tae A ee METER 


COPPER PLATE 


TWISTED 
CONDUCTORS 


_ j|CoNDUCTORS 
(A) Test setup. (B) Improper short. (C) Good short. 
Fig. 6. Checking efficiency of RF short circuit. 

Evaluation of Results: Any response of the quarter-wave stub 

at the second-harmonic frequency shows that the RF short- 


circuit means is not completely effective. 
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A good short for DC is not necessarily a good RF short circuit, 
because the electric and magnetic fields are extensive at RF. 
Thus, two wires twisted together, as shown in Fig. 6B, are a 
good DC short. On the other hand, we get a much better RF 
short by soldering the stub conductors to the center of a copper 
plate, as shown in Fig. 6C. The copper plate acts as a “mirror” 
for the electric and magnetic fields at the shorted end of the 
stub. In making a second-harmonic test, do not “force” an indi- 
cation by overcoupling. This can cause a false dip by enhancing 
oscillator harmonics. Note that the foregoing test is valid only 
for very low-loss lines. If the line has appreciable loss (poor insu- 
lating material) , a second-harmonic dip will occur even when the 
RF short is all right. 


To Measure the Velocity Factor of a Line 


Equipment: Grid-dip meter, 10- or 15-foot section of twin-lead, 
and a 2-inch square copper plate. 

Connections Required: Short the twin-lead at one end, preferably 
to the center of a 2-inch square copper plate, as shown in 
Fig. 7. 

Procedure: Measure the resonant frequency of the quarter-wave 
shorted stub. Then measure the length of the stub with a 
steel rule. 

Evaluation of Results: Convert the resonant frequency into its 
corresponding wavelength in meters. The electrical length 
of the stub will usually be greater than its physical length. 


Fig. 7. Test setup. 
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GRID-DIP METERS 


To find the velocity factor, divide the electrical length into 
the physical length. (See Note 5 for a practical example.) 


The electrical length of an open-wire line is the same, or prac- 
tically the same, as the physical length. On the other hand, poly- 
ethylene twin-lead, for example, has a velocity factor lower than 
100 per cent, because the RF energy travels slower when the 
electrostatic field passes through the polyethylene. In turn, the 
line “looks longer” electrically. 


NOTE 5 


Example of Velocity-Factor Measurement 


The length of a section of 300-ohm 
twin-lead is 170.75 inches, or 4.33 
meters. (One meter is 39.37 inches.) 
One end of the stub is shorted, mak- 
ing it a quarter-wave stub. The 
longest resonant wavelength of the 
stub is thus calculated as 4 times 
4.33 meters, or 17.32 meters. We 
divide 17.32 into 300,000,000 to find 


the lowest resonant frequency of 
the stub. Thus, the calculated reso- 
nant frequency is 17.3 mc. When the 
shorted end of the stub is coupled to 
the grid-dip meter coil, the meter 
indicates a resonant frequency of 
14 mc. We find the velocity factor 
by dividing 17.3 into 14. This gives 
us a velocity factor of 81%. 


NOTE 6 


Checking an Open Stub 


An open stub is a line section which 
is open at both ends. Therefore, the 
voltage is maximum at both ends. 


GRID-DIP 


OPEN 
STUB 


(A) Capacitive coupling to end 
of stub. 


We can check an open stub by ca- 
pacitively coupling from the grid- 
dip meter coil to one wire of the 


GRID-DIP 
METER 


| 


(B) Inductive coupling to cen- 
ter of stub. 


Fig. 8. Methods of coupling to an open stub. 


stub (at an open end), as shown in 
Fig. 8A. The dip is not as great as 
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when a shorted stub is inductively 
coupled to the coil. Nevertheless, the 


GRID-DIP METERS 


dip is quite usable, particularly at 
high frequencies. At low frequencies, 
it is preferable to use inductive cou- 
pling at the center of the stub, as 
shown in Fig. 8B. This will give a 
much more pronounced dip at low 
frequencies. The current is maxi- 
mum in the center of an open stub, 
at its resonant frequency, and for its 
odd harmonics. On the other hand, 
at the second harmonic of the reso- 


nant frequency, the current is mini- 
mum at the center of an open stub— 
we now find the current maximum 
one-fourth of the distance from the 
end of the stub. Hence, when a stub 
is checked at some intermediate 
point, the location of the current 
maximum must be observed with 
respect to the harmonic to be em- 
ployed. 


NOTE 7 


Resonant Frequencies of an Open Stub 


An open stub has the voltage 
and current distributions (standing 
waves) shown in Fig. 9. The volt- 
age is maximum and the current is 
zero at each end of the stub. Cur- 
rent zeros are found at the ends 
because the current cannot flow 
around the open. It stops and is 
reflected out of phase. This gives a 
current zero. An open stub is a 
half-wave stub; thus, the lowest 
resonant frequency occurs at twice 
the lowest resonant frequency when 
one end of the stub is shorted. The 
first resonant frequency of an open 


(A) Stub. 


(B) Lowest resonant fre- 


quency. 


(C) Second harmonic of low- 
est resonant frequency. 


stub occurs as shown in Fig. 9B. 
The second resonant frequency oc- 
curs as shown in Fig. 9C. 

An open stub has an infinite num- 
ber of resonant frequencies. Each 
resonant frequency is an _ integral 
multiple of the lowest resonant fre- 
quency. Unlike the shorted stub, 
which resonates on odd harmonics 
only, an open stub resonates on all 
harmonics. 

A maximum is sometimes called a 
loop. A minimum is sometimes called 
a node or null. 


Fig. 9. Voltage and current distribution along an open stub. 
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To Check a Coaxial Stub With a Grid-Dip Meter 


Equipment: Grid-dip meter and stub under test. 

Connections Required: None. 

Procedure: Inductively couple the coil of the grid-dip meter to 
the shorted end of the stub (Fig. 10A) or capacitively couple 
the coil to the open end of the stub, as shown in Fig. 10B. 

Evaluation of Results: The pointer will dip on the scale at each 
resonant frequency of the stub. The dip is greater when 
inductive coupling is used. The resonant frequencies are the 
same as those for twin-lead stubs (see Note 3). The velocity 
factor of the coaxial cable can also be measured in the same 
manner as explained in U4 for twin-lead stubs. 


If an open (half-wave) coax stub is to be checked, capacitive 
coupling must be used to the coil of the grid-dip meter. When the 
test frequency is high, this method is satisfactory. On the other 
hand, it becomes impractical at some lower frequency, depending 
upon the sensitivity of the grid-dip meter. When necessary, an 
open stub can be shorted for test, its resonant frequency meas- 
ured, and the corresponding open-stub frequencies computed. 


SHORT 


GRID-DIP GRID-DIP 
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h— COAXIAL 
STUB STUB 
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| I 
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SHORT 
(A) Inductive coupling. (B) Capacitive coupling. 
Fig. 10. Methods of coupling to a coaxial stub. 


NOTE 8 


Voltage and Current Reflections on a Stub 


We have seen that voltage and cur- _ waves on a stub, as shown in Fig. 11. 
rent are distributed as standing At the point of maximum voltage, 
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the voltage between the two wires 
of the line is maximum. At the point 
of minimum voltage, it is zero. The 
current flow in the wires is the 
greatest at the current maximums, 
and is in opposite directions at any 
given point on the line. RF energy 
is coupled from the grid-dip meter 
to the shorted end of the line (Fig. 
11). Electrical energy flows toward 
the open end of the line at almost 
the speed of light. Upon reaching 
the open end, the voltage is re- 
flected in phase, and goes in the op- 
posite direction. Hence, the voltage 
is maximum at the open end of the 
line. The current, upon reaching the 
open end of the line, also is reflected 
and reverses its direction of travel. 


MAX. 


4 


Fig. 11. Voltages and currents 


along a stub. n 


‘ 7 
\. CURRENT -7 S, 


The current is 180° out of phase at 
the open end. Hence, current is zero 
at the open end of the line. The cur- 
rent and voltage are subsequently 
rereflected from the shorted end of 
the line. However, the former phases 
are reversed at the shorted end. 
Thus, voltage is minimum and cur- 
rent is maximum at the shorted end 
of the line. The voltage and currents 
traveling in either direction cancel 
at the minimum points along the 
line. Likewise, they reinforce and 
build up at the maximum points 
along the line. These interference 
patterns produce the standing waves 
of voltage and current along the 
line. 


MAX. 


. aes Pie MIN. 
. 77 VOLTAGE *. 
Ff 


~~ RF ENERGY FROM 
x GRID-DIP METER 


MIN. a Ba MIN. id 
MAX. MAX. 
NOTE 9 


Standing Waves of Voltage Are Actually Varying Rapidly 
at Radio Frequencies 


Standing waves of voltage appear 
stationary on a line. In other words, 
if we connect an RF VTVM across 
the open end of a stub, we might 
measure 10 volts. If the VI'VM is 
moved back halfway along the stub, 
we would measure 7.07 volts. If the 
VTVM is moved further back to the 
shorted end of the stub, we would 
then measure zero volts. As indi- 
cated in Fig. 12, these standing-wave 


voltages are actually rising and fall- 
ing at radio frequencies. They seem 
to be constant, like DC voltages. 
For this reason we call them stand- 
ing (stationary) waves because a 
VTVM reads a constant voltage. 
However, we should understand that 
these are RF sine-wave voltages and 
that they go through positive and 
negative cycles, just as any RF volt- 
age does. 
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(B) RF sine-wave voltages present along line. 


Fig. 12. Standing waves of voltage. 


To Measure the Resonant Frequencies of a Capacitively- 
Tuned Stub 


Equipment: Grid-dip meter and stub under test. 

Connections Required: None. 

Procedure: Capacitively couple the coil of the grid-dip meter to 
the open end of the stub, as shown in Fig. 13. Tune the grid- 
dip meter to obtain a dip (or dips) indication. 

Evaluation of Results: The electrical length of the stub is changed 
by different values of C. A trimmer capacitor can be used 
to shift the resonant frequency of the stub. 


Fig. 13. Test setup. 
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NOTE 10 


Terminating Capacitor Makes an Open Stub 
Resonant at a Lower Frequency 


A small terminating capacitor makes 
a stub resonant at a lower frequency, 
compared with an open stub. Thus, 
if an open stub is resonant at 28 mc, 
it might be resonant at 26 mc when 
terminated by a small capacitor. If 
a larger capacitor is used, the stub 
might be resonant at 18 me. Finally, 
if the capacitor is very large, the 


stub will be resonant at 14 me (half 
its resonant frequency as an open 
stub). A very large capacitor is a 
short circuit. Thus, by terminating 
the stub with different values of ca- 
pacitance, we can gradually change 
the stub from an open half-wave to 
a shorted quarter-wave stub. 


NOTE 11 


Half-Wave Stub Can Be Tuned with Trimmer Capacitors 


As shown in Fig. 14, a half-wave 
trap can be tuned over a moderate 
frequency range by use of a pair of 
trimmer capacitors at the resistive 
end of the stub. This method of tun- 
ing is often a convenience, because 


it eliminates the necessity for re- 
peated trimming of the line until an 
exact trap frequency is found. The 
trimmers should be adjusted for 
maximum dip indication on the grid- 
dip meter. 


300. 


(o) 
(@) 


3002 
STUB 


Fig. 14. A half-wave trap tuned by 


two trimmer capacitors. 


NOTE 12 


Terminating Inductor Makes a Shorted Stub Resonant 
At a Lower Frequency 


If a short at the end of a stub is re- 


placed with a coil, the stub resonates 
at a lower frequency. If the coil is 


made smaller, the resonant fre- 
quency rises. Finally, if the coil is 
made so small that its inductance is 
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negligible, it acts as a short circuit 
and we return to a quarter-wave 
shorted stub. Thus, inductance and 
capacitance have opposite effects 
when used to terminate a stub. With 
reference to a shorted stub, a termi- 
nating inductance lowers the reso- 


GRID-DIP METERS 


nant frequency, whereas a terminat- 
ing capacitance raises it. A very 
small inductor or a very large ca- 
pacitor is a short circuit for RF 
energy. Hence, either will make the 
stub operate as a quarter-wave 
shorted stub. 


NOTE 13 


Grip-Dip Meter Check Can Be Made at Any Point Along a Stub 


The resonant frequency of a stub 
can be measured with a grid-dip 
meter at any point along the stub, 
as indicated in Fig. 15. One wire of 
the stub is placed close to, and par- 
allel with, the turns on the grid-dip 
meter coil. The largest dip indica- 
tion is obtained near the shorted 
end of the stub. If we are testing an 
open stub, we will find the largest 
fundamental dip indication at the 
center of the stub, with less dip in- 
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dication as we place the meter nearer 
either end. The reason is that an 
open stub has a current maximum 
at its center. Always use the loosest 
coupling possible between the meter 
coil and the stub wire, to assure 
highest accuracy in the frequency 
measurement. Since the stub couples 
reactance into the meter coil, the 
frequency reading will be in error 
if the coupling is too tight. 


Fig. 15. The resonant frequency 
of a stub can be measured at 
any point along the line. 
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NOTE 14 


Resonant Stub Characteristics Are Not Changed by Short-Circuiting 
At Voltage Zeros (Current Maximums) 


As shown in Fig. 16, we can short- 
circuit a half-wave open stub at its 
center point and not affect the low- 
est resonant frequency of the stub. 
There is a voltage zero at the center 
of the half-wave stub; hence, there 
is no voltage to be changed. Since 
there is no voltage at the center 
point to drive current through the 
short circuit, the current distribution 
on the stub is likewise unchanged. 


OPEN— 


Any open or shorted stub is un- 
affected by placing short circuits at 
the voltage zeros along the stub. 
Thus, we see that a half-wave stub 
can be regarded as two quarter-wave 
stubs with a common shorting bar. 
If one of the quarter-wave stubs is 
taken away, the resonant frequency 
of the remaining stub does not 
change. However, the system is now 
only half as long physically. 


SHORT 


Fig. 16. A half-wave stub is unaffected by a short placed 


at the center of the stub. 


NOTE 15 


Resonant Stub Can Be Shorted at Both Ends 


As shown in Fig. 17A, a resonant 
stub can be formed by shorting a 
line section at both ends. The stub 
becomes the equivalent of two 
quarter-wave stubs connected at 
their open ends. Its lowest resonant 
frequency is double that of the same 
stub when left open at both ends. If 
another pair of quarter-wave stubs 


is added at the center of the first 
stub (as shown in Fig. 17B), the 
characteristics are still the same. We 
can add as many quarter-wave stubs 
in this manner as we wish; eventu- 
ally, we will end up with a cavity 
enclosed by metal walls. This cavity 
operates basically like the stub at A. 
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STUB 


(A) Single stub. 


SHORT 


STUB 


STUB 


SHORT SHORT 


SHORT 
(B) Stub formed from two of the stubs shown at A. 


Fig. 17. Resonant stubs formed from stubs shorted at 
both ends. 


To Check the Frequency Response of a Stub Terminated 
by Resistance 


Equipment: Grid-dip meter and stub under test. 

Connections Required: None. 

Procedure: Couple the resistance-terminated stub to the coil of 
the grid-dip meter by one of the three methods shown in 
Fig. 18. Tune the grid-dip meter through the first resonant 
frequencies of the stub. 

Evaluation of Results: When the terminating resistance is zero, 
we have a quarter-wave stub. When it is infinite, we have 
a half-wave stub. When the terminating resistance is equal 
to the characteristic impedance of the stub, we have a non- 
resonant (purely resistive) stub. If the resistance is not 
equal to zero, to infinity, or to the characteristic impedance 
of the stub, we have a pair of resonances corresponding to 
a quarter-wave and a half-wave stub. However, these reso- 
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nant responses are broader than those of shorted or open 
stubs. The closer the terminating resistance to the charac- 
teristic impedance of the stub, the broader the response, as 
shown by the slow dip when the meter is tuned through 
resonance. 


Fig. 18. Three methods of coupling grid-dip 
meter to a stub terminated with a resistor. 


The peak of the dip becomes less as the resistance approaches 
the characteristic impedance of the stub. Unless the terminating 
resistance is quite different in value from the characteristic im- 
pedance, it becomes difficult to see the pointer dip. When the 
terminating resistance is quite large, the stub responds strongly 
as a half-wave stub, but weakly as a quarter-wave stub. On the 
other hand, when the terminating resistance is small, the stub 
responds strongly as a quarter-wave stub, but weakly as a half- 
wave stub. For example, if we terminate a 500-ohm line with a 
150-ohm resistor, we find that a grid-dip meter test at the termi- 
nated end gives a quarter-wave response. A grid-dip meter test 
at the center of the line then gives a half-wave response. How- 
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ever, neither response is as great as if the line were either com- 
pletely open-circuited or completely short-circuited. 


NOTE 16 


Input Impedance of a Stub is Purely Resistive When Stub Is Terminated in 
Its Own Characteristic Impedance 


Although we speak of the character- 
istic impedance of a stub, we can 
speak equally well of its character- 
istic resistance. A stub is a short 
section of line and is practically loss- 
less. For this reason, when a stub 
is terminated in its own character- 
istic “impedance,” the impedance is 
purely resistive—there is no re- 
actance at the input end of the stub. 


Whether we test the stub with a DC 
ohmmeter, a grid-dip meter, or any 
other instrument at its input termi- 
nals, it “looks like” a pure resistance 
when properly terminated. A stub 
is properly terminated when a re- 
sistor having a value equal to the 
characteristic “impedance” of the 
line section is connected to one end 
of the stub. 


NOTE 17 


Standing-Wave Ratio Is Infinite on a Shorted Stub 


If we measure the RF voltage along 
a shorted stub, we will find that it 
rises to a maximum at one point and 
falls to zero at another point, as 
shown in Fig. 19. The standing-wave 
ratio is equal to the maximum volt- 
age divided by the minimum voltage. 
Since the minimum voltage is zero, 
the standing-wave ratio on a shorted 
stub is infinite. (Any number di- 
vided by zero is equal to infinity.) 
The standing-wave ratio can be 
found just as easily by dividing the 
maximum current along the stub 
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by the minimum current. The mini- 
mum current is zero for a shorted 
stub. Hence, this method also gives 
a standing-wave ratio (SWR) of in- 
finity for the shorted stub. The 
standing-wave ratio is also infinite 
on an open stub. In other words, if 
a stub is terminated by either a short 
circuit or an open circuit, the SWR 
is infinite. This assumes, of course, 
that the line has zero loss. For prac- 
tical purposes, a short open-air line 
can be assumed to have zero loss. 


(A) Stub. 


(B) Voltage waves. 


(C) Current waves. 


19. Standing waves along a_ shorted stub. 
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To Check the Frequency Response of a Stub Shorted At 
One End and Properly Terminated at the Other 


Equipment: Grid-dip meter and stub under test. 

Connections Required: Couple the grid-dip meter at the termi- 
nated end of the stub (point X in Fig. 20). 

Procedure: Tune the grid-dip meter, and observe the slow dip 
obtained. The stub operates as a broadly-tuned trap across 
the terminating resistor. 

Evaluation of Results: The resonant frequency of the stub occurs 
at the point of minimum dip. Because the dip is not sharp, 
the meter pointer must be observed carefully. 


If the signal is injected at point Y (Fig. 20), no resonant 
response will be obtained because energy flowing toward the 
terminating resistor is completely absorbed at all frequencies. 
The diagram shows a 300-ohm resistor. However, the same 
principles apply to a 75-ohm stub with a 75-ohm resistor, or to 
a 150-ohm stub with a 150-ohm resistor. 


300n 


3000. 
Fig. 20. A properly terminated shorted stub. STS 


To Check the Frequency Response of a Stub Open at One 
End and Properly Terminated at the Other 


Equipment: Grid-dip meter and stub under test. 


Connections Required: Couple the grid-dip meter at the termi- 
nated end of the stub (point X in Fig. 21). 
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Procedure: Tune grid-dip meter, and watch for a slow dip. The 
stub operates as a broadly-tuned quarter-wave trap across 


the resistor. 


Evaluation of Results: The resonant frequency of the stub occurs 
at the point of minimum dip. Because the dip is very slow, 
the meter must be observed carefully. 


When the resonance indication is very broad, the resonance 
may be difficult to evaluate unless the grid-dip meter has a 
normally constant indication over the band of frequencies tested. 
In most grid-dip meters, the output varies considerably over a 


wide band of frequencies. 


3001. 


300. 
STUB 


Fig. 21. A properly terminated open stub. 


NOTE 18 


Coupling a Grip-Dip Meter to a Stub with a Resistive Termination 


When a stub is terminated at one 
end by resistance instead of being 
open or shorted, the dip indication 
is both broad and relatively shallow. 
Hence, the grid-dip meter must be 
tightly coupled to the stub, particu- 
larly at lower frequencies. A suit- 
able method is shown in Fig. 22. 


300n STUB 


150.2 


The load is split into two halves. The 
connection lead between the resistors 
is formed into a loop for tight cou- 
pling to the coil of the grid-dip 
meter. Although a 300-ohm stub and 
150-ohm resistors are shown, the 
same principle applies to any stub 
and resistor combination. 


LOOP 


he 
oe 
150. 


Fig. 22. Using a split load to couple stub to 


grid-dip meter. 
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NOTE 19 


Resistive-Terminated Stubs Are Best Checked with an RF Sweep Generator 


As shown in Fig. 23, the most satis- 
factory method of checking a resis- 
tive-terminated stub is with an RF 
sweep generator and scope. The 
high-frequency voltage across the 
resistor is rectified with a double- 


RF SWEEP 
GENERATOR 


120n 


ended demodulator probe, and dis- 
played on the scope screen, as shown 
in Fig. 24. A marker generator may 
be used to determine the center fre- 
quency and bandwidth of the stub 
response. 


DOUBLE - ENDED 
DEMODULATOR 
PROBE 


300n 
STUB 


Fig. 23. Checking a resistive terminated stub with an RF sweep generator 


and an oscilloscope. 


Fig. 24. Waveform obtained by 
using test setup given in Fig. 23. 
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To Measure the Resonant Frequency of a Dipole Antenna 


Equipment: Grid-dip meter, antenna under test, and shorting 
wire. 

Connections Required: Short-circuit the antenna terminals, as 
shown in Fig. 25. 

Procedure: Hold the grid-dip meter near the shorting wire be- 
tween the antenna terminals. Tune the grid-dip meter for 
the lowest-frequency dip. 

Evaluation of Results: This is a fairly accurate test of the reso- 
nant frequency of an antenna. Coupling the grid-dip meter 
to the current loop of the antenna does not appreciably dis- 
turb the antenna characteristics. 


DIPOLE ANTENNA 
SHORTING 
WIRE 


Fig. 25. Test setup. 


NOTE 20 


Resonant Frequencies of a Dipole Antenna 


The voltage and current distributions nant at all harmonics of the lowest 
(standing waves) for the various resonant frequency. Thus, we can 
resonances of a dipole antenna are compare the resonances of a dipole 
shown in Fig. 26. The dipole is reso- with those of an open stub. The cur- 
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(A) Lowest resonant (B) Second harmonic of the 
frequency. lowest resonant frequency. 


(C) Third harmonic of the Fig. 26. Standing waves of volt- 
lowest resonant frequency. age and current for a dipole. 
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rent and voltage maximums shift 
when the operating frequency is 
changed from the lowest resonant 
frequency to the second harmonic. 
Since voltage divided by current 
gives impedance, the center of the 
dipole has a low impedance at its 
lowest resonant frequency. On the 
other hand, the center of the dipole 
has a high impedance at its second- 
harmonic resonance. The center of 


the dipole again has a low imped- 
ance at its third-harmonic resonance. 
A dipole differs basically from an 
open stub, in that its electrostatic 
and electromagnetic fields are not 
restricted by a pair of conductors. 
Being a single conductor with ex- 
tensive fields, the dipole radiates, 
whereas the radiation from an open 
stub is small. 


NOTE 21 


Dipole Resonant Frequency Can Be Measured at Voltage Maximum 
(End of Antenna) 


As shown in Fig. 27, the resonant 
frequency of a dipole antenna can be 
measured by capacitively coupling 
the grid-dip meter coil to the end 
of the antenna. The antenna termi- 
nals must be shorted. This test does 
not give as large a dip as is obtained 
when inductive coupling is used 
(described in U10). Larger dip in- 


SHORT 


OPP OL E 


dications are obtained at higher fre- 
quencies. Note also that the char- 
acteristics of a dipole are changed 
somewhat by coupling to a voltage 
maximum. A measurement error of 
3% is typical. The measured fre- 
quency will be low, compared with 
the reading obtained by inductive 
coupling. 


ANTENNA 


Fig. 27. Measuring the resonant frequency of a dipole 


using capacitive coupling. 


To Check a Feed Line for Standing Waves 


Equipment: Grid-dip meter, line under test, and plate of insu- 


lating material. 
Connections Required: None. 
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Procedure: Attach (or hold) the insulating plate to the coil of 
the grid-dip meter. The plate prevents the line from arcing 
to the coil, and also provides constant spacing (coupling) 
to the line. CAUTION: Do not use this test method if the 
line voltage is high enough to burn the operator in case of 
an accident. Turn on the transmitter. Switch the grid-dip 
meter for use as an absorption wavemeter, and tune for 
maximum indication. Then slide the arrangement (see Fig. 
28) along the feed line for at least one-half wavelength. 
Note the meter indication. 


Fig. 28. Test setup. 


Evaluation of Results: Any variation in the meter reading indi- 
cates standing waves on the feed line. For example, if the 
grid-dip meter scale reads 0.8 at one point on the line (maxi- 
mum indication) and 0.2 at another point on the line (mini- 
mum indication), the SWR is 0.8/0.2, or 4-to-1. If the reading 
is the same at any point on the line, for example, 0.4, the 
SWR is 0.4/0.4, or unity. The line is matched to the load. 


Fig. 29. The null is sharper than the 
peak indication. 


4 
SHARP NULL 


Typical grid-dip meters require the coil to be coupled into a 
field of at least 500,000 microvolts for satisfactory indication. 
On the other hand, the coupling should not be tight if the field 
strength from the line is strong. The coupling is adjustable by 
choosing a suitable thickness for the insulating plate. We find 
that a null indication is sharper and more accurate than a peak 
indication. Fig. 29 shows how the standing-wave pattern has the 
shape of a full-wave rectifier output (half sine waves). This is 
for the extreme case of an infinite SWR. 
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NOTE 22 


Checking a Coaxial Line for Standing Waves 


If a coaxial line is used to feed the 
antenna, the method described in 
U12 cannot be employed to check 
for standing waves. Instead, place 
the grid-dip meter near the an- 


tenna and operate it as a field- 
strength meter. Then adjust the 
matching bars or stub for maximum 
reading on the grid-dip meter scale. 


NOTE 23 


Any Two Resistances Can Be Matched by a Quarter-Wave Section 


The characteristic impedance of a 
feed line of customary length can 
be regarded as practically resistive. 
In other words, the line losses are 
negligible. We could better speak of 
the characteristic resistance instead 
of the characteristic impedance of 
the line. Any two resistances are 
matched by a quarter-wave section, 
as shown in Fig. 30. The required 
characteristic impedance (resistance) 
of the matching section is: 


Dia = V RiaR, 


or, 
Y fee 


in 


Fig. 30. Matching two resistances 
with a quarter-wave section. 


In other words, a 600-ohm feed 
line must “look into” a 600-ohm 
Ri», and a 72-ohm antenna operates 
as a 72-ohm R. We change Zo, as 
required, by adjusting the separa- 
tion of the Q bars. 

For example, if a 600-ohm line is 
to be matched to a 72-ohm antenna: 


Loca ¥ O00 XC k2 
= 193 ohms 
Adjust the spacing between the Q 


bars until the characteristic imped- 
ance (resistance) is 193 ohms. 


NOTE 24 


How a Half-Wave Shorted Stub Is Built Up From a Quarter-Wave 
Open Stub and a Quarter-Wave Shorted Stub 


We will see from Note 23 that a 
quarter-wave open stub has zero 
input resistance—that is, it looks like 
a series-resonant circuit at the in- 
put. On the other hand, a quarter- 
wave shorted stub has infinite input 
resistance—that is, it looks like a 


parallel-resonant circuit at the in- 
put. Thus, if we connect a quarter- 
wave shorted stub to a quarter-wave 
open stub (as shown in Fig. 31), the 
input of the (now) half-wave 
shorted stub still looks like a short 
circuit. The reason is that we have 
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not changed the termination of the 
quarter-wave open stub by connect- 
ing the quarter-wave shorted stub 
to it—the input impedance (resist- 
ance) of the latter is infinite. Of 
course, there are standing waves 
.on the quarter-wave shorted stub 
after it is connected as a load to the 
quarter-wave open stub, but the 
standing waves on the latter are not 
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changed in any way. The input of 
the half-wave shorted stub looks 
like a series-resonant circuit. 

Shorted stubs are slightly more 
efficient than open ones, because 
there is less radiation from the 
shorted end than from an open end. 
In other words, electrical reflection 
is more complete from a short than 
from an open. 


OPEN SECTION 


Fig. 31. A quarter-wave shorted stub 
connected as a load for a quarter- 
wave open stub. 


SHORTED SECTION 


To Tune Out the Reactance of an Antenna 


Equipment: Grid-dip meter, shorted stub, and plate of insulating 


material. 


Connections Required: Connect the shorted stub to the antenna 


terminals, as shown in Fig. 32. 


Procedure: Attach (or hold) the insulating plate to the coil of 


the grid-dip meter. The plate prevents the line from arcing 
to the coil, and also provides constant spacing (coupling) 
to the line. Turn on the transmitter. Switch the grid-dip 
meter for use as an absorption wavemeter, and tune for 
maximum indication. Then slide the arrangement along the 
feed line for at least one-half wavelength. Note the meter 
indication. Adjust length (1) of the shorted stub for the 
most uniform voltage along the line. 


Evaluation of Results: Because of surrounding metal objects, it 
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is sometimes impossible to get unity standing-wave ratio 
by means of Q bars alone. The reason is that the termi- 
nal resistance of the antenna is reactive as well as resis- 
tive. A pair of Q bars can match the line to the antenna 
resistance only. The remaining reactive mismatch causes a 
standing-wave ratio other than unity. The terminal reactance 
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of the antenna can be tuned out by a suitable length of 
shorted stub. A complete match of line to antenna then 


results. 


Fig. 32. Test setup. 
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NOTE 25 


Stub Can Be Cut to Operate as Capacitor or Inductor 


When used as in U13, a stub can 
operate as a capacitor or an induc- 
tor, depending upon its length. The 
current and voltage are always 90° 
out of phase in a shorted or open 
stub. In other words, a shorted or 
open stub can consume no power— 


all the power flowing into it must 
flow back out. From a_ practical 
viewpoint, a shorted or open stub 
acts like a pure capacitor or induc- 
tor. Fig. 33 shows the general prop- 
erties of shorted and open stubs cut 
to different lengths. 
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Fig. 33. Properties of shorted and open stubs cut to different lengths. 
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To Match an Antenna to a Feed Line With a Single Stub 


Equipment: Grid-dip meter, matching stub, and plate of insu- 
lating material. 

Connections Required: None. 

Procedure: Attach (or hold) the insulating plate to the coil of 
the grid-dip meter. The plate prevents the line from arcing 
to the coil, and also provides constant spacing (coupling) 
to the line. Turn on the transmitter. Switch the grid-dip 
meter for use as an absorption wavemeter, and tune for 
maximum indication. Then slide the arrangement along the 
feed line. Note the meter indication. Adjust the length and 
connection point of the stub (see Fig. 34) until the voltage 
along the feed line is as uniform as possible. 
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Evaluation of Results: Standing waves are present on the feed 


line when it and the antenna are mismatched. There are 
always standing waves on a shorted (or open) stub. When 
the stub has a suitable length, and the point of connection 
to the line is at the proper location, the standing waves on 
the stub cancel the ones on the line. At the match point, 
there are no standing waves from the transmitter to the stub. 
However, there are standing waves, of course, between the 
antenna and the stub. Since a line tends to radiate when its 
standing waves are strong, it is more efficient to connect the 
stub at the match point closest to the antenna. However, it 
is possible to obtain a match by connecting the stub at any 
half-wave interval along the line. In other words, the match 
point repeats at each half wavelength along the feed line. 
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Fig. 34. Matching a line to an antenna with a single stub. 


NOTE 26 


Stub Calculations Are Difficult in Practical Situations 


The stub length and connecting point 
described in U14 can be calculated, 
if the exact line and antenna imped- 
ances are known. The match condi- 
tions can also be found graphically 
from charts. However, we usually do 
not have the necessary data at hand. 
Hence, it is more practical to experi- 
ment with the stub length and con- 
nection point until the best match is 
obtained. 


Fig. 35 illustrates how the standing 
wave of voltage on a stub cancels 
the one on the line. There are no 
standing waves between the match 
point and the transmitter. It is inter- 
esting to note that the characteristic 
impedances of the stub and the line 
need not be the same. In general, 
open-wire stubs are more efficient 
than solid dielectric stubs, just as 
open-wire lines are more efficient 
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than solid dielectric lines. Thus, Either an open- or shorted-end 
open-wire construction is recom- stub can be used. The length of a 
mended, although the characteristic shorted stub will be different from 
impedance of a stub can be disre- that of an open stub. 

garded. 


Fig. 35. How the standing wave of voltage on a stub 
cancels the one on the line. 


To Measure the Self-Resonant Frequency of an RF Coil 


Equipment: Grid-dip meter and coil under test. 

Connections Required: None. 

Procedure: Couple the coil to the grid-dip meter, as shown in 
Fig. 36. Tune the grid-dip meter for an indication. 

Evaluation of Results: Although no capacitor is connected across 
the RF coil, the coil has a self-resonant frequency because 
of the distributed capacitance between its turns. This dis- 
tributed capacitance can be regarded as a capacitor across 
the coil terminals, as shown in Fig. 37. 


The grid-dip meter checks the RF coil as an effective series- 
resonant circuit. The RF field from the grid-dip meter cuts each 
turn of the RF coil and induces a voltage in each turn. These 
voltages add in series. Hence, the RF coil is checked as a series 
LC circuit. 

Often, more than one self-resonant frequency is measured for 
a coil because the coil configuration is not as simple as the 
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schematic symbol indicates. Instead, a practical coil is usually 


a complex LC system. 


Fig. 36. Test setup. 


Fig. 37. Effect of distributed capacitance of a coil. L 
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NOTE 27 


Circuit Under Test Reflects Effective Resistance 
Into Grip-Dip Meter Circuit 


A high-Q circuit (with low losses) 
causes a much greater dip than a 
low-Q circuit (with high losses). 
The dip is caused primarily by re- 
flection of effective resistance from 
the coil or stub under test. Effective 
resistance is reflected in series with 
the grid-dip oscillator circuit. The 
value of the effective resistance re- 
flected is equal to: 


(27fM)? 
Zs 
where, 
f is the test frequency, 


M is the mutual inductance be- 
tween the grid-dip meter circuit 
and the circuit under test, 

Z; is the impedance of the circuit 
under test. 


M is large when the coupling is 
tight. At resonance, Z, becomes small 
and is limited by the circuit losses 
only. The smaller the loss (as in a 
high-Q circuit), the higher the value 
of effective resistance reflected in 
series with the grid-dip oscillator 
circuit; hence, the greater the dip. 
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To Measure the Resonant Frequency of a Series or Parallel 
LC Circuit 


Equipment: Grid-dip meter, LC circuit under test, and connecting 
lead (for series circuit). 

Connections Required: If a series circuit is under test, convert 
it into a parallel circuit by connecting the lead from the 
capacitor to the coil, as shown by the dotted lines in Fig. 38B. 

Procedure: Couple the grid-dip meter to the coil. Tune the meter 
and watch for a dip. For accurate frequency determination, 
couple the meter as loosely as possible to the coil. 

Evaluation of Results: The resonant frequency of the LC circuit 
occurs at the point of maximum dip. Often there are multiple 
dips when an LC circuit is tested in this manner. We consider 
the actual resonant frequency to be indicated by the largest 
dip; the spurious resonances (at higher frequencies) are 
usually disregarded. 


Although a series LC circuit is connected as a parallel circuit 
for a grid-dip meter test, note that the circuit is actually tested 
as a series-resonant circuit. In other words, the grid-dip oscillator 
couples voltage into each turn of the coil, which is effectively 
driven from a series source. 


= 
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(A) Parallel LC circuit. (B) Series LC circuit. 


Fig. 38. Test setup. 


NOTE 28 


Oscillation Takes Place with Respect to Circuit of Highest Q 


When we use one grid-dip meter to 
test the resonant frequency of the 
coil in another grid-dip meter, we 
often find—as explained in U16—that 
multiple resonances are present. The 
question can be asked, “Why does 
the grid-dip meter oscillate at only 
one frequency?” The circuit shown 
in Fig. 39 has numerous resonant 
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frequencies. Since the circuit has 
multiple resonances, we would ex- 
pect the circuit to oscillate at mul- 
tiple frequencies. However, this is 
not true. It oscillates at only one 
frequency. Oscillation always takes 
place around the circuit with the 
highest Q. 
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Fig. 39. A circuit which contains numerous 
resonant frequencies. 


To Measure the Q of an LC Circuit 


Equipment: Grid-dip meter, DC VTVM (or VITVM with RF 
probe), 1N34A crystal diode, and 270-mmf capacitor. 
Connections Required: Connect equipment as shown in Fig. 40. 
Procedure: Operate the VTVM on its lowest voltage range. 
Couple the grid-dip meter to the coil under test as loosely 
as possible, to provide 2/3 or 3/4 full-scale reading on the 
VTVM at resonance. Tune the grid-dip meter through the 
passband of the LC circuit. Note the frequency of maximum 
VTVM reading. Also note the frequencies of 0.707-of-maxi- 

mum readings. 


DC 
IN34A PROBE 


Fig. 40. Test setup. 
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Evaluation of Results: The Q of the LC circuit is determined by 
the formula: 


f, 
oa aE 


where, 
f. is the frequency at which maximum reading is obtained 
(resonant frequency), 
f, and f. are the frequencies at which 0.707 maximum reading 
is obtained. 


The response curve of an LC circuit, showing the three fre- 
quencies used for calculating the Q of the circuit, is given in 
Fig. 41. 

The 270-mmf value shown in Fig. 35 for the charging capacitor 
in the RF probe is not critical, but is merely a standard value. 
A 200- or 300-mmf capacitor would work just as well. 


— — — MAX. VOLTAGE 
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Fig. 41. The response curve of an LC circuit. 


NOTE 29 


The Meaning of Q 


Q is a symbol or abbreviation which we measure Q, as in U17, we are 
stands for quality factor. In an LC’ measuring the Q of the coil. Q is 
circuit, the @ of a tuning capacitor important in practical work because 
is normally quite high—much higher it determines the bandwidth, or se- 
than the Q of the coil. Hence, when lectivity, of an LC circuit (Fig. 41). 
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Q also determines the voltage “am- 
plification” of a tuned circuit. In 
other words, if the circuit of Fig. 40 
has a Q of 75, the induced voltage 


from the grid-dip meter will be 
stepped up 75 times across the coil 
terminals when the coil is tuned to 
resonance. 


To Measure the Distributed Capacitance of a Coil 


Equipment: Grid-dip meter and two small fixed capacitors with 


+1% accuracy. 


Connections Required: Connect equipment as shown in Fig. 42. 
Procedure: Find the resonant frequency of the LC combination 


with one capacitor shunted across the coil, and then with 
the other capacitor shunted across the coil. 


Evaluation of Results: The distributed capacitance of the coil is 


found as shown in Fig. 43. In this example, a 47-mmf capaci- 
tor is placed in parallel with the coil L for Test 1. The reso- 
nant frequency measured with this combination is 7.07 mc. 
Therefore, the value for 1/f? when the 47-mmf capacitor is 
used is 0.02. When a 100-mmf capacitor is used for C, the 
resonant frequency measured for the combination is 5 mc 
(1/f? = 0.04). Mark off the vertical and horizontal axis of 
the graph linearly as shown. (Values assigned to each divi- 
sion will depend upon the readings obtained and the capaci- 
tance values used.) Plot the 1/f? values against the capaci- 
tance values, as shown; then draw a straight line between 
the two points, and extend the line until it intersects the 
capacitance axis, as shown. The distributed capacitance of 
the coil (5 mmf in the example) is read at the point where 
the line intersects the capacitance axis. 


= GRID-DIP L 
| weter 

C\ C2 
(A) First test. (B) Second test. 


Fig. 42. Test setup. 
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Fig. 43. Plot of readings obtained in test. 


To Measure the Inductance of a Coil 


Equipment: Grid-dip meter and two small fixed capacitors with 
+1% accuracy. ; 

Connections Required: Connect equipment as shown in Fig. 42. 

Procedure: Find the resonant frequency of the LC combination 
with one capacitor shunted across the coil, and then with 
the other capacitor shunted across the coil. Plot the 1/f? 
values for each capacitor, as explained in U18. Then find 
the slope of the plot (Fig. 44) by dividing a into b. Finally, 
multiply the result by 0.0253. 
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Fig. 44. Plot of readings obtained in test. 
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Evaluation of Results: This determination gives the coil induct- 
ance in henrys. For example, in Fig. 44 we see that b extends 
over a range of 0.02. We divide 53 into 0.02 to get 0.000377. 
Finally, we multiply 0.000377 by the factor 0.0253 to find 
that the inductance value is 0.0000095 henry, or 0.0095 milli- 
henry. This is the easiest method of measuring inductance 
with a grid-dip meter. Its accuracy is limited only by the 
calibration of the meter and the tolerance on the capacitors 
in the test. 


To Determine the RF Resistance of a Coil 


Equipment: Grid-dip meter, DC VITVM (or VIVM with RF 
probe), 1N34A crystal diode, 270-mmf capacitor, and two 
small fixed capacitors with 1% accuracy. 

Connections Required: Connect the equipment as shown in Fig. 
40; then connect it as shown in Fig. 42. 

Procedure: First determine the Q of the coil as explained in U17. 
Next determine the inductance of the coil, as described in 
U19. Then find the inductive reactance of the coil at reso- 
nance (determined in U17). The inductive reactance is de- 
termined by the formula: 


Xy = 2rfL, 
where, 
Xz, is in ohms, 
f is in cycles per second, 
L is in henrys, 
n is equal to 3.1416. 
Evaluation of Results: The radio-frequency resistance of the coil 
is calculated by the formula: 
Xr, 
Rrr a Q 
where, 


Rrr is the radio-frequency resistance, 
X,; is the inductive reactance of the coil at resonance, 
Q is the quality factor of the coil. 
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The radio-frequency resistance of a coil is generally much 
greater than its DC resistance, measured with an ohmmeter. 
Dielectric losses, absorption by surrounding metal, and skin effect 
on the coil wire all contribute to the higher radio-frequency 


resistance. 


To Measure the Capacitance of a Capacitor 


Equipment: Grid-dip meter, RF coil, and two small fixed capaci- 
tors with +1% accuracy. 

Connections Required: Connect equipment as shown in Fig. 45. 

Procedure: First connect one of the small known-value capacitors 
across the coil and find the resonant frequency of the LC 
combination (Fig. 45A). Next connect the other known-value 
capacitor across the coil and find the resonant frequency 
of the LC combination (Fig. 45B). Compute the value of 
1/f? for the resonant frequency measured, and plot as shown 
in Fig. 46. (See U18.) Finally measure the resonant fre- 
quency of the LC circuit with the unknown capacitor con- 
nected across the coil (Fig. 45C). Compute 1/f? for this 
frequency. Locate this point on the diagonal line, and read 
the corresponding value of capacitance on the graph directly 
below this point. 

Evaluation of Results: The value indicated on the capacitance 
axis is an accurate measurement of the unknown capacitor. 
In the example shown in Fig. 46, the resonant frequency 
of the LC combination with the unknown capacitor con- 
nected is 10 mc; therefore, 1/f? equals 0.01. This point inter- 
sects the Aigeatal line opposite 21 mmf on the capacitance 
scale; therefore, the value of the unknown capacitor is 


21 mmf. 
L GRID-DIP : 
al a ae ae | cere cam re 
Cc) 
(A) First test. (B) Second test. (C) Third test. 


Fig. 45. Test setup. 
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Fig. 46. Plot of readings obtained in tests. 


To Measure the Value of a Capacitor by the Resonance 
Method 


Equipment: Grid-dip meter, inductor of known inductance (or 
determine inductance as explained in U19), and capacitor 
under test. 

Connections Required: Connect the capacitor C across the in- 
ductor terminals, as shown in Fig. 47. 

Procedure: Tune the grid-dip meter in order to determine the 
resonant frequency of the LC circuit. Use the loosest cou- 
pling possible, for a more accurate frequency reading. 

Evaluation of Results: The capacitance across the coil is deter- 
mined by the formula: 


1 


C= Tap. 


The units must be consistent. In other words, we must use 
farads, cycles, and henrys; or microfarads, megacycles, and 
microhenrys. 


C is the capacitance across the coil terminals. This is the value 
of the unknown capacitor, plus the distributed capacitance of the 
coil. When the unknown capacitor has a large value, the dis- 
tributed capacitance (Cp) can be neglected. On the other hand, 
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when the unknown capacitance is small, the distributed capaci- 
tance should be subtracted from the calculated value of C. (See 
U18 for an explanation of the distributed-capacitance measure- 


ment.) 


- GRID-DIP 
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Fig. 47. Test setup. 


To Check a Low-Pass L Section 


Equipment: Grid-dip meter and shorting wire. 

Connections Required: Connect the shorting wire across the 
input terminals of the sections. (See Fig. 48.) 

Procedure: Couple the grid-dip meter to the shorting wire or coil. 
Observe the dip frequency. 

Evaluation of Results: The dip frequency should be one-half the 
cutoff frequency. The values of L and C used in the filter 
section depend upon the load resistance R, as shown in 
Fig. 49. 


If the L section is to be used in a balanced line, half the in- 
ductance can be placed in each side, as seen in Fig. 49B. The 
dip frequency is the same, whether the balanced or unbalanced 
configuration is used. 


GRID-DIP 


METER 


(A) Unbalanced configuration. (B) Balanced configuration. 


Fig. 48. Test setup. 


(A) Unbalanced configuration. (B) Balanced configuration. 


Fig. 49. Values of L and C for use in L-section low-pass filters. 
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To Check a Simple Low-Pass Filter (Pi Section) 


Equipment: Grid-dip meter. 
Connections Required: None. 


Procedure: Loosely couple the grid-dip meter to the coil in the 
low-pass filter, as shown in Fig. 50. Adjust capacitors C and 


C for resonance at f.. 


Evaluation of Results: A simple filter like the one in Fig. 50 is in- 
tended to work out of and into the same impedances (re- 
sistances), such as 75 ohms. For proper operation, both 
capacitors must be adjusted to the same value. Hence, the 
plates should be adjusted to mesh the same amounts at the 


resonant frequency f.. 


It is advisable to use variable capacitors in a low-pass filter, 
because the required values can rarely be obtained in standard 
fixed-capacitor values. Furthermore, variable capacitors will 
safely handle any power used in a ham transmitter. 


Fig. 50. Test setup. 
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NOTE 30 


Construction of a Simple Low-Pass Filter 


The simplest low-pass filter consists 
of an inductor and two capacitors, 
as shown in Fig. 51. The filter works 
into an impedance (resistance) R, 
such as 75 ohms. The required values 
of L and C depend upon the value 
of R, as shown in the formulas given 
in Fig. 51. Note that when the load 
R is removed, the pi section always 
resonates at the cutoff frequency f-. 
The value of L can be measured, as 
explained in U19. 

When load resistor R (Fig. 51) is 
connected to the output of the low- 
pass filter and the filter input is 


driven from a source with an inter- 
nal resistance equal to R, the filter 
has a practically uniform output up 
to the chosen cutoff frequency, as 
shown in Fig. 52. Beyond f. the 
higher frequencies are choked off. 
The configuration shown in Fig. 51 
is sometimes called a_ constant-k 
section. The term constant-k should 
not be misconstrued as meaning the 
impedance of the filter is constant. 
This is not true. The nomenclature 
merely means that a constant, called 
k, is used in the development of the 
design equations. 
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Fig. 51. 
filter. 


A simple low-pass pi-type 


Fig. 52. Frequency response of filter 
shown in Fig. 51. 


NOTE 31 


One Filter Section Is Terminated by Next Section When the Two Are in Series 


When filter sections are connected 
in series, as shown in Fig. 53, the 
second section becomes a load for 
the first one. If the second section 
is properly terminated in its char- 
acteristic resistance R, both sections 


will be properly matched. The driv- 
ing source to the filter should also 
have an internal resistance equal to 
R. The cutoff frequency for a two- 
section filter is considerably sharper 
than it is for a single-section filter. 


Fig. 53. A pi-type filter con- 
nected in ‘series. 


NOTE 32 


Filter Cutoff Ils Sharper When Several Sections Are Used 


The cutoff characteristic of a sin- 
gle-section filter is not sharp. One 
method of obtaining a sharper cut- 
off is to use several sections in se- 
ries, as seen in Fig. 54. Each section 
can be disconnected from the other 
section and tested by itself, as ex- 
plained in U24. Note that the coils 
in a multiple-section filter must not 
couple into one another. They must 
be mounted at right angles, as shown 
in Fig. 55; or each section must be 
enclosed in a shielded compartment. 
The coils are preferably wound of 
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heavy copper wire. They should be 
of fairly small diameter to constrict 
their external field, and should be 
self-supporting; the spacing between 
turns should be at least equal to the 
wire diameter. Long leads between 
components will upset the filter op- 
eration. The intended low-pass char- 
acteristic is obtained only when the 
filter is terminated in the proper re- 
sistance and is driven from a cable 
(or other source) with the proper 
resistance. 
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Fig. 54. A multiple-section, low- 
pass, pi-type filter. 


Fig. 55. A two-section, low-pass, 
pi-type filter. 


NOTE 33 


Cutoff Characteristic Improved When Two-Section Filter Ils Used 
A comparison of the cutoff charac- section low-pass filter is given in 
teristics for a one-section and a two-- Fig. 56. The values shown in Fig. 56A 
RF PROBE 


GRID-DIP 
METER 


(A) Values for a low-pass filter with 4.5-mc cutoff and 68-ohm impedance. 
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(C) Frequency response of one section of the circuit shown in A. 


Fig. 56. Comparison of cutoff characteristic for one-section and two-section 
low-pass filters. 
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are for a cutoff frequency of ap- 
proximately 4.5 mc, with 68-ohm in- 
put and output impedances (resist- 
ances). Note that when two sections 
are used (Fig. 56B), the cutoff is 
practically complete at 6.5 me. On 
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the other hand, the output is down 
only about 6 db at 7 mc when a sin- 
gle-section filter is used (Fig. 56C). 
The more sections used, the steeper 
is the cutoff characteristic. 


NOTE 34 


Unterminated Filter Has Poor Frequency Response 


If a filter is unterminated, its fre- 
quency response will be very poor, 
as shown in Fig. 57B. This is the 
same low-pass filter illustrated in 
Figs. 56A and B. It has an almost 
flat response to 4.5 me when prop- 
erly terminated. In the absence of 


GRID-DIP 
oe 


termination, the low-frequency re- 
sponse is excessively high and the 
high-frequency response has a poor 
cutoff characteristic. It is much more 
important to load the output termi- 
nals of a filter correctly than to have 
the correct source resistance. 


(A) Circuit. 


OUTPUT VOLTAGE 
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(B) Frequency response. 


Fig. 57. Effect on frequency response when terminating resistor is omitted. 


54 


GRID-DIP METERS 


NOTE 35 


Too High a Source Resistance Causes Rising High-Frequency 
Response in Low-Pass Filter 


When the load resistance is correct 
but the source resistance is too high, 
as shown in Fig. 58A, a low-pass 
filter shows a rising high-frequency 
response, as illustrated in Fig. 58B. 
The reason is that a simple filter of 
this type (called a constant-k filter) 
does not exactly match the load re- 
sistance at all frequencies within the 
passband. There are some reflections 
from the load. Unless the driving 
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source is correctly matched to the 
filter input, rereflections will take 
place. There are standing waves in 
the filter circuit. These waves be- 
come most evident at high frequen- 
cies, and cause the rising response. 
Hence, for best filter action, both 
the source and the load resistances 
should have the theoretically correct 
value. 


(A) Circuit. 
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(B) Frequency response. 
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Fig. 58. Effect on frequency response when source resistance is too high. 


To Check a Simple Low-Pass Filter (T Section) 


Equipment: Grid-dip meter and shorting wire. 
Connections Required: First connect the shorting wire across the 
filter input terminals, and then across the filter output 


terminals. 


Procedure: Adjust variable capacitor C for resonance at the 
chosen cutoff frequency f,., with the input shorted as shown 
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in Fig. 59B. Repeat as shown in Fig. 59C, with output 
shorted. 

Evaluation of Results: The individual coils should resonate at 
the cutoff frequency f., for the same setting of capacitor C. 
If they do not, adjust the effective inductance of the coils, 
as required, by compressing or expanding the coil turns. 

(If the inductors have incorrect values, resonance can be 
obtained at f, by suitable adjustment of the variable capaci- 
tance; however, this causes a mismatch of the filter to the 
load resistance and impairs the filter characteristic. Hence, 
choose inductance values as closely as practical.) 


When properly adjusted, the T section works like a pi section. 
Like a pi section, the T section provides low-pass filter char- 
acteristics only when working into the chosen load resistance R 
(Fig. 59A), and when driven from a source resistance equal to R. 
Several T sections can be connected in series for a sharper cutoff 
characteristic. When more than one section is used, the coils 
should not couple into one another. Otherwise, the filter will not 
operate as intended. 


L=—— Cs 
2T fc Tf. R 


(A) Configuration. 
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(B) First test. 


(C) Second test. 
Fig. 59. Checking a low-pass T-type filter. 
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NOTE 36 


Known-Value Inductors Simplify Filter Construction 


Although it is quite practical to meas- 
ure the values of shop-constructed 
inductors, this measurement is time 
consuming. Filters can be conveni- 
ently constructed from commercial 
inductors of known values. For ex- 
ample, the Barker & Williamson 


Miniductor No. 3014 has 24 turns 
and a total inductance of 4.8 micro- 
henrys. Thus, each turn provides 
0.2 microhenry. Turns can be re- 
moved until the correct inductance 
values for RF filters are obtained. 


NOTE 37 


Coaxial Cable Is a Special Type of Low-Pass Filter 


It is interesting to note that a coaxial 
cable is a special type of low-pass 
filter. Consider the pi-section filter 
in Fig. 60A. If we halve the values 
of L and C in each section, and add 
the new values to the circuit to 
make twice as many sections, we 
will double the cutoff frequency. If 
we continue this process indefinitely, 
the cutoff frequency will become 
higher than any value we may 


choose, but the characteristic im- 
pedance (resistance) of the filter 
will not change. Ultimately we will 
have uniformly distributed induct- 
ance and capacitance — in other 
words, a coaxial cable (Fig. 60B). 
The cable will have an infinite cut- 
off frequency. Its characteristic im- 
pedance (resistance) is determined 
by the separation of the inner and 
outer conductors. 
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(A) Low-pass filter. 


(B) Coaxial cable. 
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Fig. 60. A coaxial cable in a special type of low-pass filter. 


NOTE 38 


Sweep-Frequency Test Provides a Quick Filter-Response Check 


Note that a sweep-frequency test of 
filter response (Fig. 61) is much 
faster than a grid-dip meter test. 
Readers interested in sweep-fre- 


quency tests are referred to the 
companion volume, 101 Ways to Use 
Your Oscilloscope. 
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RESISTIVE 
MATCHING 
PAD 


SWEEP LOAD 
GENERATOR FILTER ng RESISTOR 


(A) Test setup for sweep-frequency response check. 


(B) A typical low-pass filter re- Fig. 61. Sweep-frequency test 
sponse displayed on a scope screen. of filter response. 


To Check a High-Pass L Section 


Equipment: Grid-dip meter and shorting wire. 

Connections Required: Connect the shorting wire across the 
input terminals of the section. (See Fig. 62.) 

Procedure: Couple the grid-dip meter to the shorting wire or to 
the coil in the section. Observe the dip frequency. (See 
Fig. 703.) 

Evaluation of Results: The meter should dip at twice the cutoff 
frequency f. when the input terminals are shorted. 


C 2c 

ie eee ae. 7 
aI f, 
L R ¢ 28, L Ree 
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| 2c 
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(A) Unbalanced section. (B) Balanced section. 


Fig. 62. Values of L and C for use in L-section high-pass filters. 


Observe that the resonant frequency of L and C is always the 
same for a chosen cutoff frequency f,.. On the other hand, the 
relative values of L and C change with our choice of R. If we 


58 


GRID-DIP METERS 


make R larger, then L becomes larger and C smaller in propor- 
tion, in order to maintain the same resonant frequency in the 


short tests described. 


SHORT 


GRID-DIP 
METER 


(A) Unbalanced section. 


SHORT 


GRID-DIP 
METER 


(B) Balanced section. 


Fig. 63. Test setup. 


NOTE 39 


Reversing Input and Output Terminals 
Does Not Change L-Section Response 


If the source and load resistances R 
have the correct values (see Fig. 64), 
the response of an L section will not 
be changed by reversing the input 
and output terminals. On the other 
hand, if the load is reactive, for ex- 


(A) First test. 


ample, the response can differ con- 
siderably. Likewise, if there is a 
substantial mismatch between the 
generator and the filter section, the 
response will change when the input 
and output terminals are reversed. 


(B) Connections reversed. 


Fig. 64. Response of L section does not change if source and load resistances 


are correct. 


To Check a Simple High-Pass Filter (Pi Section) 


Equipment: Grid-dip meter. 
Connections Required: None. 


Procedure: Couple the grid-dip meter to one of the coils (Fig. 
65B). Adjust the variable capacitor for a dip at the chosen 


cutoff frequency f.. 
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Evaluation of Results: In this test, the two coils have their in- 
ductances connected in series aiding. Hence, the test is made 
of a series-resonant LC circuit with a required resonant 
frequency of f.. 


Although small, spurious dips may be observed at frequencies 
considerably higher than f., they should be disregarded. As with 
the low-pass filters described previously, a sharper cutoff char- 
acteristic can be obtained if several high-pass pi sections are 
connected in series. 


Cc 


(A) Configuration. (B) Test setup. 
Fig. 65. Checking a high-pass pi-type filter. 


To Check a Simple High-Pass Filter (T Section) 


Equipment: Grid-dip meter and two shorting wires. 

Connections Required: Short the input terminals of the filter 
section with one wire, and the output terminals with the 
other wire. (See Fig. 66B.) 

Procedure: Determine the resonant frequency by coupling the 
grid-dip meter to the coil of the filter section. 

Evaluation of Results: The variable capacitors are correctly ad- 
justed when the circuit resonates at the cutoff frequency f.. 
Since input and output impedances (resistances) are equal 
in this type of filter, the capacitors should be adjusted to 
equal values. To test for equal values, check the resonant 
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frequencies with the input terminals shorted and the output 
terminals open, and then with the output terminals shorted 
and the input terminals open. If the capacitors are adjusted 
to the same values, the resonant frequencies will be the same. 


The T-section filter, like the pi section described in U27, can 
be connected in series to provide a sharper cutoff characteristic. 


Cc Cc 


(A) Configuration. (B) Test setup. 
Fig. 66. Checking a high-pass T-type filter. 


To Check the Frequency Response of a Low- or High-Pass 
Filter 


Equipment: Grid-dip meter, two resistors (value equal to the 
characteristic impedance of the filter), 1-megohm resistor, 
1N34A crystal diode, 270-mmf fixed capacitor, and VI'VM. 

Connections Required: Connect equipment as shown in Fig. 67. 
Apply the probe alternately between the input and output 
connectors of the filter. 

Procedure: Couple the grid-dip meter to the single-turn loop of 
wire at the filter input. For a low-pass filter, tune the grid-dip 
meter to its lowest frequency. Connect the probe at terminals 
1 and 2, and note the VIVM reading. Then connect the probe 
at terminals 3 and 4, and again note the VIVM reading. 
Repeat the procedure at suitable steps in frequency until 
the voltage across terminals 3 and 4 drops to nearly zero. 
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For a high-pass filter, start at the highest output frequency 
and tune to progressively lower frequencies. 

Evaluation of Results: Plot the ratio of output/input voltages 
versus frequency on a sheet of graph paper. The resulting 
graph is the frequency characteristic of the filter. 


The ratios of output/input readings must be plotted because 
the grid-dip meter does not have a uniform output, except over 
a limited frequency range. If a good signal generator is used 
instead of a grid-dip meter, the output voltage can be plotted 
directly. 


GRID-DIP 


TO POINTS 
| AND 2 
& 3AND 4 


LOW-PASS 


HIGH—P ASS 
FILTER 
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Fig. 67. Test setup. 


NOTE 40 


Balanced Filter Is Tested Like an Unbalanced Filter 


When filters are used with twin-lead a balanced filter, make the same 
lines, half the series reactance is checks as for an unbalanced con- 
placed in each side of the line, as_ figuration. The grid-dip meter can ~ 
shown in Figs. 68, 69, 70, and 71. be coupled to a coil in either side — 
Unless this is done, the filter will of the line. | 
cause reflections on the line. To test 


Pee ee Se eee 


(A) Pi-section for unbalanced (B) O-section for balanced 
lines. lines. 


Fig. 68. Converting a pi-section low-pass filter to an O-section low-pass filter. 


62 


GRID-DIP METERS 


(A) T-section for unbalanced (B) H-section for balanced 
lines. lines. 


Fig. 69. Converting a T-section low-pass filter to an H-section low-pass filter. 


C 2c 
L L L L 
20 
(A) Pi-section for unbalanced (B) O-section for balanced 


lines. lines. 


Fig. 70. Converting a pi-section high-pass filter to an O-section high-pass filter. 


C c 2c 2c 
oe ee aoe pas 
L L 
2c 2c 
o— {——-6 
(A) T-section for unbalanced (B) H-section for balanced 
lines. lines. 


Fig. 71. Converting a T-section high-pass filter to an H-section high-pass filter. 


To Check a Simple Bandpass Filter 


Equipment: Grid-dip meter and shorting wire. 

Connections Required: Disconnect the parallel-resonant circuits 
from the series-resonant circuit, and short the input and 
output terminals of the series-resonant circuit, as shown in 
Fig. 72B. 

Procedure: Couple the grid-dip meter, in turn, to each of the 
three coils. Adjust the trimmer capacitors for resonance in 
the center of the passband. 
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Evalaution of Results: Adjusting for resonance at the center 
frequency of the passband is an approximate method; it is 
accurate within practical limits for relatively narrow pass- 
bands. The theoretically exact resonant frequency for each 
LC circuit is given by the formula: 


f NY, f,f. 


where, 
f, is the resonant frequency, 
f, is the lower cutoff frequency, 
f. is the higher cutoff frequency. 


SHOR T 
Les BERR _ R(fo-f)) 
ah CP ec 
: (fof) . | 
“QmRtifa Cl" 2TR5-F)) 
(A) Configuration and compo- (B) Test setup. 


nent values. 


Fig. 72. A simple bandpass filter. 


The diagram in Fig. 73 shows the passband of a bandpass 
filter and the location of f, and fy. When the passband is 
relatively narrow, the resonant frequency of the filter, for 
all practical applications, can be considered as: 


Bes os 2s 
ee 


In other words, we merely check the LC circuits for reso- 
nance at the center frequency of the passband. 


f, 


The bandpass filter must be terminated in, and driven from, a 
source resistance R before the intended cutoff frequencies can 
be obtained. Thus, if the load and source resistances are higher 
than R, the passband will be narrower than intended; if they are 
lower, the passband will be wider. 
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Fig. 73. The passband of a 
bandpass filter. 


VOLTAGE 


FREQUENCY 


To Check the Frequency Response of a Bandpass Filter 


Equipment: Grid-dip meter, two resistors (value equal to the 
characteristic impedance of the filter), 1-megohm resistor, 
1N34A crystal diode, 270-mmf fixed capacitor, and VTVM. 

Connections Required: Connect equipment as shown in Fig. 74. 
(If an RF probe for a VITVM is available, connect it across 
the terminating resistor instead of across the crystal-diode 
network.) 

Procedure: Couple the grid-dip meter to the single-turn loop 
of wire at the filter input. Tune the grid-dip meter through 
the filter passband in small frequency steps. Note the reading 
on the VIVM at each frequency. 

Evaluation of Results: The half-power points (0.707 maximum 
voltage) can be noted for a quick evaluation. For an exact 
picture of the filter response, plot the VTVM readings 
against the frequency on a sheet of graph paper. 


BANDPASS 


FILTER 
GRID-DIP 
coe, | 


Fig. 74. Test setup. 
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To Check an m-Derived End Section for a Pi-Section Low- 
Pass Filter 


Equipment: Grid-dip meter. 

Connections Required: None. 

Procedure: Couple the grid-dip meter to coil L (Fig. 75), and 
observe the resonant frequency. : 

Evaluation of Results: When m equals 0.6, L and C should reso- 
nate var 1-25. fe. : 


In practice, the capacitors connected in parallel are combined 


into one capacitor. When two capacitors are connected in parallel, 
their total capacitance is equal to the sum of the individual 


capacitances. 
WHEN m=06 
L=O3R 
C fc 
Cc 5 


(A) Configuration and component 
values for the end sections. 


P—END SECTION—+—P] SECTION END SECTION 
| 
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\ 
| | | 
| : 
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(B) The pi-section terminated by the end 
sections. 


Fig. 75. A low-pass pi-section terminated by 
m-derived end sections. 


NOTE 41 


The Meaning of m 


An m-derived filter is made up by 
first obtaining the values which 
would be used for a _ constant-k 
network, and then modifying these 
values by an algebraic expression 
containing the number m. This num- 
ber m is a positive number between 
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of this value, we can change the 
characteristics of the filter so that 
the impedance characteristics or the 
attenuation characteristic — but not 
both—can be controlled. 
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The impedance characteristics of In all of the configurations in this 
the filter are most nearly constant book, a value of 0.6 is used for m. 
if the value of 0.6 is used for m. The formulas given for each compo- 
Hence, this is one of the most com-__ nent are correct only when m is 0.6. 
monly employed values. 


To Check an m-Derived End Section for a T-Section Low- 
Pass Filter 


Equipment: Grid-dip meter and shorting wire. 

Connections Required: First connect the shorting wire across the 
input terminals of the end section, as shown in Fig. 76A. 
Then disconnect the shorting wire from the input terminals 
and connect it across the output terminals, as shown in 
Fig. 76B. 

Procedure: Measure the resonant frequency of the section with 
the input terminals shorted, and then with the output termi- 
nals shorted. 

Evaluation of Results: With the input terminals shorted, the end 
section should have a resonant frequency equal to 1.25 times 
the cutoff frequency f. when m equals 0.6. With the output 
terminals shorted, the end section should have a resonant 
frequency equal to f,. 


M-derived end sections are used before and after an ordinary 
low-pass section, as shown in Fig. 77A, for a very sharp cutoff 
frequency. The values for the end-section circuit shown in Fig. 
77B are those giving the sharpest cutoff. Variable capacitors will 
usually be needed in filter circuits, for the most accurate char- 
acteristics. 


Ly Ly 
‘g [e 
SHORT SHORT 
c c 
(A) First test. (B) Second test. 


Fig. 76. Test setup. 
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(A) The T-section terminated by the end sections. 
Ly 
WHEN m= 0.6 


= 0.533. R 
¢ Lt 
O3R 
Liz 
Mae fs 


c 
ALE. 
pasha laden TfcR 
(B) Configuration and component 


values for the end sections. 


Fig. 77. A low-pass T-section terminated by m-derived 
end sections. 


NOTE 42 


Additional T Sections Can Be Used with Two End Sections 
To Increase Sharpness of Cutoff 


For a still steeper cutoff and greater 77A, use additional T sections be- 
rejection of frequencies outside the tween the end sections, as illustrated 
passband than can be obtained from jn Fig. 78. 

the filter configuration shown in Fig. 


I-——END SECTION—* T SECTION T SECTION ————*+*—END SECTION—H! 
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(A) Method of connecting. 
LitL> Lotl, Lo +L, 


(B) Combining inductors in an actual unit. 


Fig. 78. Two T-sections terminated with m-derived end sections. 
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In practice, when two inductors’ order to illustrate how end sections 
are connected in series, as shown in and T sections are connected to each 
Fig. 78A, they are combined into one’ other from the standpoint of calcu- 
inductor. The inductors are shown lation. In actual practice, they will 
connected in series in Fig. 783A in be combined as shown in Fig. 78B. 


To Check an m-Derived End Section for a High-Pass Pi 
Filter 


Equipment: Grid-dip meter. 

Connections Required: None. 

Procedure: Couple the grid-dip meter to coil L (Fig. 79), and 
measure the resonant frequency of the LC circuit. 

Evaluation of Results: The resonant frequency should measure 
0.8 £, when m equals 0.6. 


In practice, inductors connected in parallel are combined into 
one inductor. When two inductors are connected in parallel, the 
total inductance is equal to: 


L, Le 
L, + Le 


where, 
L, and Le are the values of the individual inductors. 


L 


WHEN m =0.6 
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(A) Configuration and component values for 
the end sections. 


j7—— END SECTION——-r— Pi SECTION—--—— END SECTION—+! 


i- 
fan 


(B) The pi-section terminated by the end 
sections. 


Fig. 79. A high-pass pi-section terminated by 
m-derived end sections 
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To Check an m-Derived End Section for a High-Pass T- 
Section Filter 


Equipment: Grid-dip meter and shorting wire. 

Connections Required: Connect the shorting wire across the in- 
put terminals of the end section, as shown in Fig. 80. 
Procedure: Couple the grid-dip meter to coil L, and measure the 

resonant frequency of the LC circuit. 
Evaluation of Results: When ™ is equal to 0.6, the meter should 
dip at a frequency of 0.8 f.. 


The configuration and component values for m-derived end 
sections (m equals 0.6) for a high-pass T-section filter are given 
in Fig. 81. In practice, the capacitors connected in series are 
combined into one capacitor. When two capacitors are connected 
in series, the total capacitance is equal to: 


CC. 
C,+Cs 
where, 
C, and Cy. are the values of the individual capacitors. 


C, 
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(A) Configuration and component 
values for the end sections. 
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(B) The T-section terminated by the end sec- 
tions. 


Fig. 80. Test setup. Fig. 81. A high-pass T-section terminated by 
m-derived end sections. 
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To Check an m-Derived Low-Pass Pi Filter Section 


Equipment: Grid-dip meter. 

Connections Required: Disconnect capacitors C, (Fig. 82). 

Procedure: Couple the grid-dip meter to coil L (Fig. 82), and 
measure the resonant frequency of the LC circuit. 

Evaluation of Results: {f m equals 0.6, the LC circuit should reso- 
nate at 1.25 f{.. 


The m-derived low-pass section shown in Fig. 82 is comparable 
to the constant-k, low-pass section shown in Fig. 50. In other 
words, an m-derived low-pass pi section can be substituted for 
the constant-k pi section in the configurations already discussed. 
Of course, an m-derived pi section should be used with a pi 
section only. However, an m-derived pi section can be used with 
either a constant-k or an m-derived pi section. Likewise, an m- 
derived end section suitable for connection to a T section should 
be used with a T section only. 


WHEN m =0.6 


Fig. 82. Configuration and 
component values for an m- 
derived low-pass pi-section. 


To Check an m-Derived Low-pass T Filter Section 


Equipment: Grid-dip meter and shorting wire. 

Connections Required: Circuit values of the section are given 
in Fig. 83. First connect the shorting wire across the series- 
LC branch of the filter, as shown in Fig. 84A. Then connect 
the shorting wire across the input terminals of the section 
(Fig. 84B). Finally, connect the shorting wire across the 
output terminals of the section (Fig. 84C). 

Procedure: Couple the grid-dip meter to L, and measure the reso- 
nant frequency for each of the three test conditions. 
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Evaluation of Results: With the shorting wire connected as in 
Fig. 84A, the resonant frequency should measure 1.25 f.. 
With the shorting wire connected as in Figs. 84B and C, the 
resonant frequency should measure 0.85 f, when m is equal 


to 0.6. 
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(C) Third test. 


Le Fig. 83. Configuration and 
¢=0.6 component values for an m- 
Mes derived low-pass T-section. 
“Te 
L 
SHORT 
C 
(B) Second test. 
Fig. 84. Test setup. 
NOTE 43 


Connection of m-Derived End Sections to m-Derived Intermediate Sections 


An m-derived end section is con- Note that different end-section con- 
nected to an m-derived intermedi- figurations are used for the pi and 
ate-pi section as shown in Fig. 85. T intermediate sections. If desired, 


An m-derived end section is 


con-__ pi or T constant-k intermediate sec- 


nected to an m-derived intermedi- tions can be used instead of m- 
ate-T section as shown in Fig. 86. derived intermediate sections. 
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Fig. 85. Configuration and component values for con- 
necting m-derived end sections to an m-derived inter- 
mediate-pi section. 
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Fig. 86. Configuration and component values for con- 
necting m-derived end sections to an m-derived inter- 
mediate-T section. 


To Check an m-Derived High-Pass Intermediate-T Section 


Equipment: Grid-dip meter and shorting wire. 

Connections Required: L and C values for the section are shown 
in Fig. 87. Connect the shorting wire as shown in Fig. 88. 

Procedure: Couple the grid-dip meter to L, and measure the 
resonant frequency. 


Evaluation of Results: The LC circuit should resonate at 0.8 f, 
when m equals 0.6. 
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The m-derived high-pass intermediate-T section is connected 
to the m-derived end sections, as shown in Fig. 89, when a sharp 


cutoft characteristic is desired. 
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Fig. 87. Configuration and 
component values for an m- 
derived high-pass intermediate- 
T section. 


Fig. 88. Test setup. 


Fig. 89. Configuration and 
component values for connect- 
ing m-derived end sections to 
an m-derived high-pass inter- 
mediate-T section. 


To Check the Transmitter Circuits for Resonances in the 


TV Band 


Equipment: Grid-dip meter. 
Connections Required: None. 


Procedure: Hold the grid-dip meter near the RF chokes in the 
transmitter circuits (particularly the high-level circuits). 
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Note the dip frequencies on the meter. (See Fig. 90.) 

Evaluation of Results: If dip readings are noted in the TV band, 
change the chokes as required. It is undesirable for such 
resonances to be present, because they can permit parasitic 
oscillation which generates TVI. 


Bt 
C= CHECK CHOKE RESONANCES WITH 
GRID— DIP METER 


Fig. 90. A typical RF power-amplifier circuit. 


To Check the Neutralizing-Capacitor Adjustment in a 
Transmitter 


Equipment: Grid-dip meter. 

Connections Required: None. 

Procedure: Disconnect the plate and screen voltages from the 
final amplifier. (Do not disconnect the filament voltage from 
the final amplifier tube.) Operate the grid-dip meter as an 
absorption wavemeter. Couple the grid-dip meter to the 
plate tank of the final amplifier (see Fig. 91). Apply drive 
to the grid of the final amplifier. Adjust neutralizing capaci- 
tor Cx, and watch the meter scale. (Tune the meter for 
maximum reading). 

Evaluation of Results: The amplifier is properly neutralized when 
the reading is minimum or zero. 


This test is a preliminary rough adjustment of neutralization. 
It should be followed by an adjustment of the neutralizing capaci- 
tor while the amplifier is operating. The grid, screen-grid, and 
plate meters of the amplifier stage are used as indicators of the 
final touch-up adjustment. 
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Fig. 91. Test setup. 


NOTE 44 


Grip-Dip Meter Can Be Used to Pretune the Plate and Grid Tanks 


The plate and grid tanks of an am- 
plifier stage (see Fig. 91) can be 
pretuned by using the grid-dip me- 
ter as an oscillator and adjusting the 
plate and grid tuning capacitors for 
maximum dip. (Set the grid-dip me- 
ter to the desired operating fre- 


quency.) While the neutralizing ad- 
justment is being made, as described 
in U40, the plate and grid tanks may 
require slight retuning. The reason 
is that adjustment of the neutraliz- 
ing capacitor affects the tank tuning 
somewhat. 


To Adjust a Neutralizing Capacitor in a Transmitter (Grid- 


Tank Indication) 


Equipment: Grid-dip meter. 
Connections Required: None. 


Procedure: Turn off all plate and screen voltages. Do not apply 
drive to the stage being neutralized. (Do not disconnect the 
filament voltage, however.) Operate the grid-dip meter as 
an oscillator. Couple the grid-dip meter to the grid tank of 
the stage to be neutralized. (See Fig. 92.) Adjust the neu- 
tralizing capacitor Cx, with the grid-dip meter tuned for 
maximum dip. Check the neutralizing-capacitor adjustment 
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by rotating the plate-tank tuning capacitor while watching 
the grid-dip meter indication. 

Evaluation of Results: The stage is properly neutralized when 
the grid-dip meter reading does not change as the plate-tank 
capacitor is turned. (See also Note 44.) 
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DRIVER { 


GRID- DIP 
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Fig. 92. Test setup. 


To Localize Parasitic Oscillations 


Equipment: Grid-dip meter. 

Connections Required: None. 

Procedure: With the amplifier stage operating normally, use the 
grid-dip meter as an absorption wavemeter, and check the 
wiring and tank fields for high-frequency output. (WARN- 
ING: Do not bring the grid-dip meter too close to the power- 
supply circuits because there is danger of shock.) 


Evaluation of Results: When the grid-dip meter is tuned to the 
frequency of a parasitic, the pointer moves up on the meter 
scale. Follow up by turning the transmitter power off com- 
pletely. Then, operating the grid-dip meter as an oscillator, 
check the amplifier wiring for dips at the parasitic frequency. 
In this manner the particular circuit requiring parasitic sup- 
pressing can be localized. 
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To Check the Local-Oscillator Frequency in a Receiver 


Equipment: Grid-dip meter and earphones. 

Connections Required: Plug the earphones into the grid-leak 
circuit of the grid-dip meter, as shown in Fig. 93. 

Procedure: Place the grid-dip meter coil near the antenna input 
terminals of the receiver. Tune the grid-dip meter for zero 
beat in the earphones. (See Fig. 94.) 

Evaluation of Results: At zero beat, the local-oscillator frequency 
in the receiver is equal to the scale reading on the grid-dip 
meter. In coupling the grid-dip meter coil to the antenna 
input terminals (Fig. 94), we take advantage of the leakage 
of the oscillator voltage back into the antenna circuit. 


Fig. 93. Earphones connected in series 
with the grid-leak circuit of the grid- 
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NOTE 45 


Contact Potential Displaces Pointer When Grid-Dip Meter 
Is Used as Absorption Wavemeter 


We convert a grid-dip meter into an scale in this mode of operation. In- 
absorption wavemeter by turning off stead, it rests two or three divisions 
the plate voltage to the oscillator tube. upscale. This pointer displacement 
The tube then operates as a diode is caused by contact potential in the 
rectifier. Observe that the pointer diode-operated tube. 

does not rest at zero on the meter 
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To Check the Calibration of an Antenna Impedance Meter 


Equipment: Antenna impedance meter, grid-dip meter, loop of 
wire, and several precision resistors ranging from 10 to 
600 ohms. 

Connections Required: Connect the loop to the driving terminals 
of the bridge. (A one-turn loop is satisfactory at high fre- 
quencies; however, at low frequencies such as 5 mc, several 
turns may be required.) Connect the precision resistors, in 
turn, to the Unknown or test terminals of the bridge, as 
shown in Fig. 95. (See Fig. 96 for a typical antenna-imped- 
ance bridge circuit.) 

Procedure: Set the grid-dip meter to some relatively low RF 
frequency, such as 5 mc. Couple its coil to the wire loop 
(see Fig. 95). Adjust the antenna-impedance meter control 
for zero reading. 

Evaluation of Results: The control dial of the antenna impedance 
meter should read the same value as that of the precision 
resistor. If not, the dial calibration should be changed or a 
correction table prepared. 


The bridge gives a complete null (zero reading) only when 
the resistor is purely resistive, with no reactance. Thus, we can- 


not get a complete null if a wirewound resistor is used for test. 
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The null becomes less as the test frequency is increased. If the 
grid-dip meter is operated at high frequencies, even a carbon 
resistor will not give a complete null unless the leads to the 
meter terminals are kept very.short. This fact makes it easy 
to determine whether a given resistor is suitable for use at 
certain frequencies, and how long leads are tolerable. 


ANTENNA 
IMPEDANCE 
METER 


Fig. 95. Test setup. 


4 RESISTOR 
r) UNDER 


Fig. 96. A typical antenna-impedance 
meter circuit. 


NOTE 46 


When Resistor Has a Reactive Component, Its Apparent 
Resistance Changes with Frequency 


Wirewound resistors, composition re- 
sistors with long leads, or resistors 
with excessive capacitance between 
their terminals will not give consist- 
ent readings on an antenna imped- 
ance meter. The apparent resistance 
value changes with frequency. Thus, 
a wirewound resistor which meas- 
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ures 68 ohms on an ohmmeter can 
measure 100 ohms at 50 me and 200 
ohms at 150 mc. When a complete 
null cannot be obtained on the an- 
tenna impedance meter, the dial 
reading does not correspond to the 
DC resistance value of the resistor. 


ANTENNA IMPEDANCE METERS 


To Determine Whether a Line Is Matched to an Antenna 


Equipment: Antenna impedance meter, grid-dip meter, and wire 
coupling loop. 

Connections Required: Connect the loop to the driving terminals 
of the antenna impedance meter. Connect the line to the 
Unknown terminals of the instrument. (See Fig. 97.) 

Procedure: Adjust the control dial of the antenna impedance 
meter for a minimum reading on the meter. Then tune the 
grid-dip meter for a lower minimum. Adjust the antenna 
impedance meter control again for a still lower minimum. 

Evaluation of Results: If a zero reading can be obtained on the 
antenna impedance meter, the line and antenna are matched. 
If not, the line and antenna are mismatched. 


If a complete null is obtained, the resonant frequency of the 
antenna is the reading on the grid-dip meter scale. This method 
can also be used for adjusting Q bars or stubs. The matching 
adjustments are varied until a zero reading is obtained on the 
antenna impedance meter. The grid-dip meter then indicates the 
resonant frequency of the antenna. 
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Fig. 97. Test setup. ANTENNA 
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To Measure the Input Impedance of a Receiver 


Equipment: Antenna impedance meter, grid-dip meter, wire loop, 
and a pair of connecting leads. 

Connections Required: Connect the loop to the driving terminals 
of the meter. Connect the Unknown terminals of the meter 
via the leads (as short as possible) to the antenna input 
terminals of the receiver. (See Fig. 98.) 
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Procedure: Tune the receiver and grid-dip meter to the same 
frequency. Adjust the control on the antenna impedance 
meter for a zero reading or null. 

Evaluation of Results: The input resistance of the receiver will 
equal the control-dial reading on the antenna impedance 
meter if a zero meter reading is obtained. If a zero reading 
cannot be obtained, but only a null (minimum meter read- 
ing), the antenna input circuit of the receiver is reactive 
as well as resistive. 


The input impedance of the receiver is generally highly reactive 
unless the incoming frequency is the same as that to which the 
receiver is tuned. This is shown by an increasingly high minimum 
on the antenna impedance meter as the receiver is tuned away 
from the grid-dip meter frequency. 
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Fig. 98. Test setup. 
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To Cut a Line to a Half Wavelength or Multiple of a Half 
Wavelength 


Equipment: Antenna impedance meter, grid-dip meter, and coup- 
ling loop. 

Connections Required: Connect the coupling loop at the driving 
terminals of the antenna impedance meter. Connect one end 
of the line to the Unknown terminals of the antenna imped- 
ance meter. Short-circuit the other end of the line. (See 
Fig. 99.) | 

Procedure: Tune the grid-dip meter to the selected frequency of 
operation. Set the control dial of the antenna impedance 
meter to zero ohms. Observe the antenna impedance meter 
reading. If the meter reading is not zero, disconnect the line, 
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and clip off an inch or two. Reconnect the line to the antenna 
impedance meter, and again observe the meter reading. If 
necessary, repeat the clipping of the line until a zero reading 
is obtained on the meter. 

Evaluation of Results: The line is a half wavelength, or a multiple 
of a half wavelength, when the antenna impedance meter 
reads zero. The reason is that a half-wavelength line reflects 


the load value. 


GRIO-DIP 
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Fig. 99. Test setup. 


NOTE 47 


To Correct the Detuning of a Grid-Dip Meter by a Coupling Loop 


When a coupling loop is used with 
an antenna impedance meter to pro- 
vide a driving voltage from a grid- 
dip meter, the loop reflects react- 
ance into the coil of the grid-dip 
meter and changes its resonant fre- 
quency. The tighter the coupling, the 
greater the frequency error intro- 
duced. When an accurate frequency 
setting is required, operate the grid- 
dip meter as a heterodyne frequency 
meter by connecting a pair of ear- 


RF SOURCE 
OF KNOWN 
FREQUENCY 


STRAY 
\ CAPACITANCE 
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phones in series with the meter 
movement in the grid-dip meter. Use 
an RF source of known frequency, 
such as a signal generator, near the 
grid-dip meter. (See Fig. 100.) Dis- 
regard the scale reading of the grid- 
dip meter, and tune for zero beat 
with the signal generator. Although 
the output from the signal generator 
may be too weak to drive the an- 
tenna impedance meter, the beat note 
in the phones can be easily heard. 


ANTENNA 
IMPEDANCE 
METER 


Fig. 100. Method of correcting the detuning 
effect of loop on grid-dip meter. 
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To Measure the Standing-Wave Ratio on a Line 


Equipment: Antenna impedance meter, grid-dip meter, and coup- 
ling loop. 

Connections Required: Connect the coupling loop at the driving 
terminals of the antenna impedance meter. Connect one end 
of the line to the Unknown terminals of the antenna imped- 
ance meter. 

Procedure: Operate the grid-dip meter at the frequency for which 
the line is a half wavelength or a multiple of a half wave- 
length, as explained in U47. (See Fig. 101.) Adjust the con- 
trol dial of the antenna impedance meter for a null on the 
meter. Note the value of resistance indicated on the control 
dial. 

Evaluation of Results: The half-wavelength line repeats the load. 
Thus, the antenna impedance meter reads the value of Z. 
The standing-wave ratio is given by Z/Z,, where Z, is the 
characteristic impedance (resistance) of the line. If the char- 
acteristic impedance is unknown, see U49. 


This method of measuring the standing-wave ratio is often very 
useful, for example, when the line is connected to an elevated 
antenna. (See U50.) 
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Fig. 101. Test setup. 


To Measure the Characteristic Impedance of a Line 
Equipment: Antenna impedance meter, loop of wire, and pre- 


cision resistors. 
Connections Required: Connect equipment as shown in Fig. 102. 
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Procedure: Adjust the antenna-impedance meter control for a 
minimum reading on the microammeter. Then change the 
frequency of the grid-dip meter. Note whether the micro- 
ammeter reading changes. If it does, use another value of 
terminating resistor R. A value of R should finally be found 
which not only is indicated as the same value by the antenna- 
impedance meter control, but which also causes no change 
in the microammeter reading when the frequency of the 
grid-dip meter is varied. 

Evaluation of Results: The characteristic impedance of the line 
is indicated on the antenna-impedance meter control when 
the microammeter reads zero (or near zero) and does not 
change with a change in frequency. 


The measurement requires that the output from the grid-dip 
meter remain constant at the different test frequencies. If neces- 
sary, select a band of test frequencies over which the scale of 
the grid-dip meter indicates a practically flat output. 
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Fig. 102. Test setup. 
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To Measure the Standing-Wave Ratio on a Line Connected 
to an Antenna 


Equipment: Antenna impedance meter and coupling loop. 

Connections Required: Connect equipment as shown in Fig. 103. 

Procedure: Operate the grid-dip meter at the resonant frequency 
of the antenna (see U11). The line must be a half wavelength 
or a multiple of a half wavelength (see U47). Adjust the 
antenna impedance meter for a zero reading on the micro- 
ammeter. Note the reading on the control scale of the antenna 
impedance meter. 
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Evaluation of Results: The standing-wave ratio is equal to: 


Zo 


where, 


Z is the reading on the control scale of the antenna im- 


pedance meter, 


Z, is the characteristic impedance of the line (see U49). 


If the standing-wave ratio is not unity, Q bars or stubs can 
be used to match the line to the antenna. 
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Fig. 103. Test setup. 


NOTE 


48 


Use of Coupling Loop to Antenna Impedance Meter 


Can Give False Indication 


As shown in Fig. 104, a reactance C, 
which may be present across the 
Unknown terminals, forms a low-Q 
circuit with the inductance of coup- 
ling loop L. Thus, two minimums are 
sometimes observed on the microam- 
meter when impedances with sub- 
stantial reactances are checked. When 
this difficulty occurs, it is advisable 
to use a signal generator, instead of 
a grid-dip meter and coupling loop, 
to drive the antenna impedance me- 
ter. If the signal-generator output 
cable is resistively terminated, the 
error caused by C (Fig. 104) will be 
minimized. A signal-generator out- 
put cable can be connected to an 
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if Reactance Is Present 


antenna impedance meter, as shown 
in Fig. 105. The 125-ohm terminating 
resistor, in parallel with the input 
impedance of the bridge, provides an | 
aproximately correct load for the 
generator output cable. Note that 
unless the signal generator has a 
high output facility, it will not be 
a satisfactory driving source for the 
bridge. Some generators have a 
1-volt output available, which is 
adequate for operating an antenna 
impedance meter. For a further dis- 
cussion of signal generators, see the 
companion volume, 101 Ways to Use 
Your Signal Generator. 


ANTENNA IMPEDANCE METERS 


Fig. 104. Effect of coupling COUPLING 
LOOP 


loop if reactance is present. L 


Fig. 105. Coupling a_ signal FROM 
generator to an antenna im- GENERATOR 
pedance meter. 
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To Use an Antenna Impedance Meter as a Field-Strength 
Meter 


Equipment: Antenna impedance meter, short antenna wire, and 
a ground lead. 

Connections Required: Connect the antenna and the ground leads 
to the driving terminals of the antenna impedance meter, as 
illustrated in Fig. 106. 

Procedure: Operate the instrument in the vicinity ie the trans- 
mitting antenna. The pointer deflection is proportional to the 
field strength. If greater sensitivity is required, use a tuned 
input circuit, as shown in Note 49. 

Evaluation of Results: In adjusting the Q bars of matching stubs, 
for example, the adjustments are made until maximum indi- 
cation is obtained on the meter scale. Turn the control dial 
of the antenna impedance meter to zero ohms for maximum 
sensitivity. 
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Fig. 106. Antenna impedance meter 
connected on a field-strength meter. 


NOTE 49 


Tuned Input Circuit Provides Increased Sensitivity for Field-Strength Tests 


When an antenna impedance meter 
is used as a relative field-strength 
meter and greater sensitivity is re- 
quired, a tuned circuit can be con- 
nected to the driving terminals of 
the instrument, as seen in Fig. 107. 
The coil is tapped in order to pro- 
vide suitable impedance transforma- 
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tion. The tap is about one-third of 
the way up from the grounded end 
of the coil. When a pair of ear- 
phones is connected to the instru- 
ment, as explained in U52, the ar- 
rangement is further useful as a 
phone monitor. 


Fig. 107. Addition of a tuned cir- 
cuit to an antenna impedance meter 
used as a field-strength meter. 


To Operate an Antenna Impedance Meter as a Phone 


Monitor 


Equipment: Antenna impedance meter and earphones. 

Connections Required: Connect the phones in series with the 
meter movement in the instrument, as diagramed in Fig. 108. 

Procedure: Operate the antenna impedance meter as a field- 
strength meter, and listen to the signal modulation in the 


earphones. 


Evaluation of Results: The monitor arrangement has very low 
distortion. Hence, any audible distortion indicates faulty 


transmitter operation. 


ANTENNA IMPEDANCE METERS 


If desired, a closed-circuit phone jack can be installed on the 
panel of the antenna impedance meter. The phones can then be 
plugged into the instrument when required, and easily removed 
at other times. 


Fig. 108. Connecting earphones 
into antenna-impedance meter 
circuit. 


PHONES 


To Use an Antenna Impedance Meter for Localizing Sources 
of Reradiation 


Equipment: Antenna impedance meter and earphones. 

Connections Required: Connect the phones in series with the 
meter movement in the instrument, as was shown in Fig. 108. 

Procedure: Use suitable values of L and C (Fig. 108) to tune in 
the reradiated frequency. Then explore the vicinity of the 
transmitter, listening for changes in the strength of the moni- 
tor signal. 

Evaluation of Results: When the monitor is brought near the 
source of reradiation, the signal strength in the earphones 
increases to a maximum. Any metal structure can operate 
as an antenna. If the structure includes an imperfect joint, 
the joint operates as a modulator. In turn, the voltage induced 
in the structure is reradiated at the natural resonant fre- 
quency of the structure. To “kill” the reradiation, make 
good electrical contacts at each imperfect joint. 
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To Measure the Input Impedance of a Speech Amplifier 


Equipment: Antenna impedance meter and an audio oscillator. 

Connections Required: Connect equipment as shown in Fig. 109. 
The detector and meter should be connected inside the an- 
tenna impedance meter, as shown in Fig. 110. Turn the speech 
amplifier on. 

Procedure: Set the audio oscillator for a 400-cycle output. Adjust 
the control on the antenna impedance meter for a zero read- 
ing on the meter scale. 

Evaluation of Results: The input impedance (resistance) of the 
speech amplifier is equal to the resistance indicated on the 
control dial of the antenna impedance meter. If a zero reading 
cannot be obtained on the meter scale, the input impedance 
of the amplifier is not purely resistive, ‘but is both resistive 
and reactive. 


For low-frequency operation, the crystal diode and the meter 
should be connected as shown in Fig. 110. Otherwise, a sharp null 
indication will not be obtained, particularly at low audio fre- 
quencies. When the bridge is connected as shown in Fig. 110, 
however, tests can be made below 60 cycles if desired. 


ANTENNA 
IMPEDANCE Fig. 109. Test setup. 
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Fig. 110. Connection of a 
meter circuit for low-frequency 
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NOTE 50 


How Reactance in the Unknown Prevents Zeroing of a Resistive Bridge 


We have observed that, when there 
is reactance in the Unknown, an 
antenna impedance meter will null, 
but will not give a zero balance in- 
dication. A zero balance can be ob- 
tained only when the Unknown is 
purely resistive. Fig. 111 shows why 
this is so. Ei and Ez are the AC 
voltages across the 200-ohm bridge. 
They are equal and opposite with 
respect to the detector. On the other 
hand, the RC unknown and the AC 


Fig. 111. Voltage drop across the in- 
dividual components in a bridge cir- 
cuit. 


voltages across the 0-600 ohm resis- 
tor are not opposite in phase, though 
they may have the same magnitudes. 
Since E; and Ey are not opposite in 
phase, they cannot cancel. There is 
always a resultant voltage, E;, re- 
maining when the bridge is nulled 
insofar as possible. Hence, it is easy 
to see why a resistive bridge will 
null, but will not zero, when the 
Unknown contains reactance. 


DETECTOR 


Eo £4 
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To Measure an Impedance With a Value Higher Than the 
Top Range of an Antenna Impedance Meter 


Equipment: Antenna impedance meter, audio oscillator, and com- 


position resistor. 


Connections Required: Connect equipment as shown in Fig. 2: 
Then disconnect the unknown impedance. 

Procedure: Measure the value of R and the unknown impedance 
connected in parallel. (If necessary, use a value of R as low 
as 600 ohms.) Then disconnect the unknown impedance, and 
measure the value of R alone. 
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Evaluation of Results: The value of the unknown impedance is 


equal to: 


RZy 
R — Zr 


where, 


R is the value of the resistor, 
Zy is the value of the resistor and the unknown imped- 
ance connected in parallel. 
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Fig. 112. Test setup. 


NOTE 51 


To Tune Out the Inductive Reactance in a Load Resistor or 
Receiver Input Circuit 


We have observed that wirewound 
resistors have series reactance (an 
inductive component), which is par- 
ticularly noticeable at high fre- 
quencies. Thus, when a wirewound 
resistor is tested with an antenna 
impedance meter at 100 mc, for ex- 
ample, a zero indication will not be 
obtained, although a null will be 
found. We can use a trimmer capaci- 
tor to tune out the reactance of the 
resistor, as shown in Fig. 113. When 
the capacitor is correctly adjusted, 
the meter will zero. (The trimmer 
capacitance and the inductive re- 
actance of the resistor form a series- 


GRID-DIP 
METER 


resonant circuit with zero imped- 
ance.) This test also gives the in- 
ductance of the wirewound resistor. 
We measure the value of C on a 
capacitance meter or a capacitance 
bridge. The inductance L can be 
found from the resonant-frequency 
formula: 


PRE I. 
~ Ir VLC 


The frequency, f, is indicated by the 
grid-dip meter. The same method is 
useful for testing the input imped- 
ance of a receiver, if it is inductive 
as well as resistive. 


ANTENNA 
IMPEDANCE 


Fig. 113. Using capacitor to tune out inductive 


reactance in resistor. 
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NOTE 52 


To Tune Out the Capacitive Reactance in a Load 


Note 51 explained how a wirewound 
resistor or a receiver input circuit 
with inductive reactance can have 
the reactive component tuned out 
and measured by means of a trimmer 
capacitor. In somewhat the same 
manner, a resistive load with shunt 
capacitance can be tested under con- 
ditions which tune out the capaci- 
tive component, and which in turn 
give a measurement of the shunt 
capacitance. Make the test setup as 
shown in Fig. 114. Inductor L is 


GRID-DIP 
METER 


shunted across the load. It is prefer- 
able to use an inductor of known 
value because subsequent calcula- 
tions are simplified. Vary the grid- 
dip meter frequency until the meter 
movement gives a null. L and C are 
parallel-resonant at this frequency. 
Then use the resonant-frequency 
formula to find C, since f and R are 
known. For the most accurate de- 
termination of C, subtract the dis- 
tributed capacitance of L from the 
final value, as explained in U18. 


ANTENNA 
IMPEDANCE 
METER 


Fig. 114. Using an inductor to tune out the shunt ca- 
pacitance across a resistive load. 
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To Measure Inductance or Capacitance Directly With a 
VOM 


Equipment: VOM. (Audio oscillator may be required for meas- 
uring small values of capacitance or inductance.) 

Connections Required: Connect the inductor or capacitor in series 
with the VOM and a convenient AC voltage source, such as a 
6.3-volt heater line or a 117-volt power outlet. (See Fig. 115.) 

Procedure: Operate the VOM on a suitable AC current range. 
Observe the reading on the meter scale. 

Evaluation of Results: Convert the meter reading to microfarads 
or microhenrys (or micromicrofarads or millihenrys) by refer- 
ring to a calibration chart. (See Fig. 116.) Prepare the chart 
by testing a number of close-tolerance capacitors or inductors, 
and drawing a smooth curve through the calibration points. 


Do not use this method to test electrolytic capacitors. Useful 
readings cannot be obtained when a small capacitor or inductor 
is tested unless an audio oscillator is used in place of the 60-cycle 
source. If a 60-cycle source is used, the calibration is approxi- 
mately linear. On the other hand, if a higher test frequency is 
used, the graph will be less linear. 
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Fig. 115. Test setup for measuring the values 


of an inductor or capacitor. 
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VOLTAGE INDICATION, AC VOLTS (RMS) 


Fig. 116. A typical calibration chart for ca- 
pacitance values versus AC voltage readings. 


NOTE 53 


VOM Test Indicates Impedance (Not Reactance) of an Inductor 


Inductance measurements are often 
subject to large error unless the 
winding resistance of the inductor 
is taken into account. The simple 
test method in Fig. 115 does not 
measure reactance directly. Instead, 
the meter reading is based upon the 
impedance of the inductor or ca- 
pacitor under test. Since the Q of 
common capacitors is quite high, the 
meter reading is reasonably accu- 
rate for capacitance values. On the 


other hand, as shown in Fig. 117, 
the winding resistance of an induc- 
tor can make the impedance much 
greater than the reactance, particu- 
larly at a low frequency, such as 
60 cycles. We see that a 1-henry 
inductor with a winding resistance 
R of 760 ohms has only 380 ohms 
of reactance at 60 cycles. The meter 
“sees” an impedance of 850 ohms 
and responds upon this basis. Hence, 
calibration charts prepared for in- 
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ductors should specify the winding 
resistance of the inductor. This can 
be measured with an ohmmeter. 
When an inductor with a compara- 
tively small winding resistance is 
tested, a suitable composition resis- 
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tor can be added in series with the 
inductor. The resistor will make the 
winding resistance of the inductor 
consistent with a chart which has 
been prepared for inductors having 
a relatively high winding resistance. 


Fig. 117. Effect of winding re- 
sistance on inductance meas- 
urements. 


To Use a VOM as an Overmodulation Indicator 


Equipment: VOM, fixed resistors (about 100,000 and 1,000 ohms), 
0.001-mfd fixed capacitor, and a 1N34A crystal diode. 

Connections Required: Connect equipment as illustrated in Fig. 
118. Resistors R1 and R2 must have suitable values in order 
to reduce the plate-supply voltage to approximately 50 volts. 

Procedure: Set the VOM to a moderately low voltage range, such 
as 10 volts. If the crystal diode has a suitably high front-to- 
back ratio, no deflection will be observed on the meter scale 
while the transmitter is operating normally. Increase the 
audio-input level to the modulator while watching the VOM 


pointer. 


Evaluation of Results: As the modulator starts to overmodulate 
the RF amplifier, the VOM pointer should deflect. (If the 
pointer deflects backward, reverse the meter test leads.) 
Thus, the test setup operates as an overmodulation monitor. 


The modulator drives the plate of the RF amplifier negative 
on the overmodulated peaks. If the RF-amplifier plate goes nega- 
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tive, the crystal diode will permit current to flow into the VOM. 
Hence, the crystal diode must be correctly polarized. The cathode 
must be connected to the RF-amplifier supply line. Note that the 
arrow in the diode symbol points in the opposite direction from 
the electron flow. 


RF AMP 


Fig. 118. Using a VOM as an 


overmodulation indicator. 
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To Use a VTVM as an RF Milliammeter or Ammeter 


Equipment: 1-ohm, 2-watt noninductive resistor; and RF probe. 

Connections Required: Connect equipment as shown in Fig. 119. 

Procedure: Insert the 1-ohm resistor in series with the RF circuit 
to measure the current flow. (Select a circuit point which 
permits grounding one end of the 1-ohm resistor, because one 
side of the VIVM is grounded.) Connect the RF probe across 
the 1-ohm resistor. Observe the voltage reading on the VTVM 
scale. 

Evaluation of Results: There is a 1-volt drop across the 1-ohm 
resistor for each ampere of current flow. Thus, if 0.25 volt is 
measured across the resistor, 250 milliamperes of RF current 
are flowing through the resistor. 
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Fig. 119. Using a VTVM as an 
RF milliammeter or ammeter. 


NOTE 54 


Voltage Measurement Across a Resistor Gives the Power 
Dissipated in the Resistor 


When an RF probe is connected 
across a resistor, as shown in Fig. 
119, the power dissipated in the re- 
sistor is given by the formula: 
E? 

R 
where, 

P is the power in watts, 

E is the rms voltage measured 

across the resistor, 
R is the resistance in ohms. 


Most RF probes provide an rms 
voltage reading on the DC scale of 
a VTVM. However, some RF probes 
provide peak- or peak-to-peak volt- 
age indication. If so, the voltage 
must be converted to an rms value 
before the power can be computed. 
If the probe provides a peak-voltage 
indication, multiply by 0.707 to ob- 
tain rms volts. If the probe provides 
a peak-to-peak voltage indication, 
multiply by 0.3535 to obtain rms 
volts. 


Note that true power is measured 
across resistive loads only. For ex- 
ample, consider an RF voltage meas- 
urement across a capacitor having 
1 ohm of reactance. We might meas- 
ure 3 volts rms across the capaci- 
tor. This corresponds, in turn, to a 
power of 9 watts. This is actually 
9 vars (volt-amperes reactive), be- 
cause current and voltage are 90° 
out of phase in the capacitor. This 9 
vars represents power which merely 
surges back and forth between the 
capacitor and its charging circuit. 
Since the surging power does no 
work, it is not true power. Finally, 
when we measure RF voltage across 
a load consisting of both resistance 
and reactance, real power and reac- 
tive power are both present. Simple 
voltage measurements and calcula- 
tions do not tell us how much real 
power is present. 


To Use a VOM as an RF Field Indicator 


Equipment: VOM, pickup loop, coaxial cable, crystal diode, 0.005- 
mfd bypass capacitor, and polystyrene rod. 
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Connections Required: Connect equipment as shown in Fig. 120. 

Procedure: Stand away from the equipment, and use the poly- 
styrene rod to move the pickup loop nearer the RF field 
under test. Operate the VOM on a suitable DC voltage range 
to obtain a convenient scale indication. 

Evaluation of Results: The field indicator is useful in exploring 
for parasitic oscillation, RF leaks, neutralizing, and tank 
tuning. 


Fig. 120. Using a VOM as an 


RF field indicator. 
PICKUP 
LOOP 


To Check a Synchro System for Faults 


Equipment: VOM or VTVM. 

Connections Required: Apply the ohmmeter test leads across the 
individual coils in the synchro transmitter and receiver units 
(see Fig. 121). 

Procedure: Be sure to disconnect the AC supply voltage before 
making the ohmmeter checks. Observe the resistance read- 
ings across each coil. Turn the rotors back and forth during 
the test in order to check for faulty brushes or slip rings. 
Also flex the connecting leads at the terminal points. 

Evaluation of Results: In case of doubt, it is sometimes necessary 
to disconnect a lead from a coil. Resistance readings should 
be consistent throughout. The most common faults indicated 
by resistance tests are burned-out windings, shorts, poor 
connections, and defective brushes or slip rings. 
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SYNCHRO 
TRANSMITTER 


VOM AND VTVM TESTS 


SYNCHRO 
RECEIVER 


Fig. 121. Configuration for a basic synchro system. 


NOTE 55 


Sensitivity Multiplier for Volt-Ohm-Milliammeter 


When an RF probe is used with a 
VOM, more signal voltage is re- 
quired than when a VTVM is used. 
To overcome this disadvantage, a 
transistorized sensitivity multiplier 
can be used, as shown in Fig. 122. 
Two common configurations are il- 
lustrated. The first is the simpler; 
however, it has the disadvantage of 


an offset zero, even when the tran- 
sistor is carefully selected. The sec- 
ond arrangement includes a poten- 
tiometer for zero-setting the VOM. 
Series 47-ohm resistors are used in 
the emitter circuits shown, to in- 
crease the input impedance to the 
base. 


(A) Standard circuit. 


(B) Circuit featuring zero-set 
control. 


Fig. 122. Transistorized sensitivity multipliers for VOM’s. 
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VOM AND VTVM TESTS 


To Measure the Hum Level in a Speech Amplifier 


Equipment: AC VTVM, shorting wire, and terminating resistor. 

Connections Required: Short the microphone-input connector to 
ground, as shown in Fig. 123. Connect resistor R of rated 
value across the secondary of the driver transformer. Connect 
the VIVM from one side of resistor R to ground. 

Procedure: Turn the speech amplifier on, and note the VIVM 
reading. 

Evaluation of Results: The VIT'VM reading should be at least 
40 db below—that is, not more than 0.01—the maximum 
normal output from the driver transformer. 


If the hum level is excessive, it is advisable to troubleshoot 
the input amplifier stage first. Any hum voltage from the input 
circuits will be amplified by the following stages. 


erererererere 


Fig. 123. Measuring the hum voltage with an AC VTVM at the output of a 
speech amplifier. 
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To Measure the Voltage Gain of a Speech Amplifier. 


Equipment: AC VTVM (or VOM), audio oscillator, and termi- 
nating resistor. 

Connections Required: Connect the output from the audio oscil- 
lator to the microphone input terminals of the amplifier. 
Connect a terminating resistor of suitable value across the 
amplifier output terminals. Connect the VITVM across the 
terminating resistor, and then across the input terminals of 
the amplifier. (See Fig. 124.) 

Procedure: Tune the audio oscillator to a suitable frequency (1 ke 
is approximately the midband frequency of most speech am- 
plifiers). Advance the output from the audio oscillator for 
maximum undistorted amplifier output. Then compare the 
audio input voltage with the audio output voltage. 

Evaluation of Results: The voltage gain of the amplifier is equal 
to the ratio of the output voltage to the input voltage. 


There is no such thing as a completely undistorted output. All 
amplifiers distort the input signal more or less. Thus, we might 
define the maximum undistorted output as the level having only 
10% distortion. This is not a high-fidelity output, but could be 
tolerable in communications work. 


SPEECH 
AMPLIFIER 


OSCILLATOR 


Fig. 124. Test setup. 


NOTE 56 


Measuring the Power Gain of a Speech Amplifier 


The power gain of an amplifier is 
customarily expressed in decibels. 
A VOM or VTVM with db scales 
is used to make the measurement. 
However, any power measurement 
with a voltmeter must take into ac- 
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count the impedance across which 
the voltage is measured. For a de- 
tailed discussion of db measure- 
ments, see the companion volume, 
101 Ways to Use Your VOM and 
VTVM. 


VOM AND VTVM TESTS 


To Check the Frequency Response of a Speech-Clipper Filter 
(Low-Pass Audio Filter) 


Equipment: VOM or VTVM, audio oscillator, and terminating 
resistor. 

Connections Required: Connect the audio-oscillator output to the 
filter input terminals. Connect a terminating resistor of suita- 
ble value across the filter output terminals. Connect the VOM 
or VIVM across the terminating resistor. (See Fig. 125.) 

Procedure: Operate the VOM or VTVM on its AC voltage func- 
tion. Tune the audio oscillator from 60 cycles to 10 ke while 
observing the meter reading. 

Evaluation of Results: A cutoff of approximately 2500 cycles is 
usually chosen when a low-pass filter is to be used in the 
output circuit of a speech clipper. The filter works into a 
level control of several hundred ohms. The values shown 
in Fig. 125 are typical. However, if the inductor has a high 
winding resistance (as it often does), change the L and C 
values until the optimum low-pass characteristic is obtained. 


AUDIO 
OSCILLATOR o 


Fig. 125. Test setup. 


To Check the Low-Frequency Attenuation of a Speech 
Clipper 


Equipment: VOM or VTVM and audio oscillator. 

Connections Required: Connect equipment as shown in Fig. 126. 

Procedure: Operate the VOM or VTVM on its AC voltage func- 
tion. Tune the audio oscillator through its low and midband 
audio ranges while observing the meter readings. 

Evaluation of Results: When intelligibility alone is the considera- 
tion, it is customary to maintain a flat frequency response 
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down to 500 cycles only. Low-frequency attenuation is con- 
trolled by the values of C1, R1, and C2. Smaller values give 
greater low-frequency attenuation. 


AUDIO 6 
OSCILLATOR 
O 


Fig. 126. Test setup. 


To Measure the Output from a Power Amplifier 


Equipment: AC VTVM (or VOM), audio oscillator, load resistor 
with a value equal to the modulating impedance of the RF 
amplifier normally used, earphones, and a 0.001-mfd fixed 
capacitor. 

Connections Required: Connect equipment as shown in Fig. 127. 

Procedure: Advance the output from the audio oscillator until 
the tone in the earphones just begins to sound different 
(distorted). If the sound level is too high in the phones, use 
a smaller series capacitor. (The test should be made at 
approximately 400 cycles.) Note the voltmeter reading. 

Evaluation of Results: The power output is determined by the 
formula: 


where, 


P is the power in watts, 
E is the rms voltage across the resistor, 
R is the resistance in ohms. 


The use of earphones with a series capacitor gives a reasonably 
sensitive indication of distortion, because harmonics in the signal 
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are exaggerated to some extent. However, for a true measure- 
ment of distortion, a harmonic-distortion meter or intermodula- 
tion analyzer must be used, as explained in the companion volume, 
101 Ways to Use Your Audio Test Equipment. 


SPEECH 
AMPLIFIER 


AMPLIFIER 


AUDIO 
OSCILL ATOR 


Fig. 127. Test setup. 


To Determine the Maximum Undistorted Output From a 
Power Amplifier 


Equipment: AC VITVM (or VOM), audio oscillator, terminating 
resistor, and twin-T filter. 

Connections Required: Connect equipment as shown in Fig. 128. 
The filter is constructed as shown in Fig. 129. 

Procedure: Tune the audio oscillator to approximately 400 cycles, 
and use a relatively low output. Observe the meter reading. 
Adjust R, and R, (Fig. 129) for minimum reading on the 
meter. Then advance the output voltage from the audio 
oscillator until the meter reading starts to rise. 

Evaluation of Results: The amplifier begins to generate harmonics 
when the meter reading rises. The twin-T filter eliminates 
the 400-cycle fundamental, but permits any harmonics to 
pass. When the amplifier distorts the sine-wave input, har- 
monics are generated. 


A simple twin-T filter shows when harmonics are present. 
However, the meter reading will be lower than the actual har- 
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monic voltage, because a twin-T filter has a slow dip on either 
side of the cutoff frequency. Hence, the second and third har- 
monics are attenuated' appreciably. 


POWER 


SPEECH 
AMPLIFIER |AMPLIFIER 


AUDIO 
OSCILLATOR 


Fig. 128. Test setup. 


Co 
OUTPUT 
“o Fig. 129. Configuration and compo- 


nent values for twin-T filter. 


IF f= 400% 
R| =Ro=2Ro R, AND Ro =1600 1 
Ci=Ca = 1/2Cg Ro= 800 
ciel C; AND Co=.25MFD 
27 RyC, Co=.SMFD 
NOTE 57 


Audio System Should Not Be Operated Beyond Its Maximum Power Output 


The maximum power output from 
an audio modulating system is con- 
sidered the power at which percep- 
tible distortion occurs (see U66). 
Distortion is undesirable from the 
interference standpoint. In other 
words, audio distortion generates 
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harmonics. A second harmonic dou- 
bles the bandwidth of a transmis- 
sion; a third harmonic triples the 
bandwidth, etc. For this reason, an. 
audio modulating system should al- 
ways be operated below its maxi- 
mum power output. 


VOM AND VTVM TESTS 


To Check for Stray Coupling Between Input and Output 
Circuits of an RF Amplifier 


Equipment: VOM or VIVM, RF probe, and small coupling loop. 

Connections Required: Connect equipment as shown in Fig. 130. 

Procedure: Pull the RF-amplifier tube. Operate the driver tube 
in its normal manner. Disconnect the B+ voltage from the 
RF-amplifier tank. Place the coupling loop near the tank. 
Tune the tank through its normal operating frequency while 
observing the meter reading. If ey ine operate the meter 
on its low DC-voltage range. 

Evaluation of Results: An ideal RF amplifier would be constructed 
and shielded so that there is no RF feedthrough voltage. In 
practice, however, this is not possible. Feedthrough voltage 
is minimized by shielding between the input and output cir- 
cuits, and by the optimum arrangement of components. 


Fig. 130. Coupling loop used with an 
RF probe. 


To Check for Carrier Shift 


Equipment: VOM, crystal diode (1N34A), 1K and 11K resistors, 
12-mmf and 0.001-mfd fixed capacitors, 100-mmf variable 
capacitor, and 20-microhenry RF choke. 

Connections Required: Connect equipment as shown in Fig. 131. 

Procedure: Operate the VOM on its 1-milliampere or on a micro- 
ampere current range. Orient the pickup wire, and tune the 
variable capacitor for nearly full-scale deflection of the meter 
when the transmitter is operating normally. Observe the 
meter reading while the transmitter is being modulated. 
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Evaluation of Results: If carrier shift is not present, the pointer 
will not move on the meter scale during modulation. On the 
other hand, if carrier shift occurs, the pointer will move. 
(See also Note 58.) 


In most transmitters, carrier shift results from nonlinearity of 
the modulated RF amplifier. In other words, the RF power more 
than doubles when the DC plate voltage is increased to 141%. 
Likewise, the RF power is less than half when the DC plate 


voltage is decreased to 70.7%. 


Fig. 131. Circuit for operating 
a VOM as a carrier-shift meter. 


NOTE 58 


Carrier Shift Causes Different Values of Peak and Trough Modulation 


The meaning of carrier shift is shown 
in Fig. 132. When carrier shift oc- 
curs, a sine-wave modulating volt- 
age does not appear as a true sine- 
wave modulation envelope. Instead, 
the peak and trough voltages are 
different. For example, in Fig. 132C 
the sine-wave modulation envelope 
is distorted; that is, the peak enve- 
lope voltage is greater than the 
trough envelope voltage. The oppo- 
site type of carrier shift may also 
occur. The distortion in Fig. 132C 
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is called positive carrier shift. On 
the other hand, if the trough enve- 
lope voltage is greater than the peak 
envelope voltage for supposedly sine- 
wave modulation, the distortion is 
called negative carrier shift. Al- 
though transmission with positive 
carrier shift distorts speech sounds, 
intelligibility is sometimes improved 
under difficult reception conditions. 
Hence, transmitters are occasionally 
designed to produce a positive car- 
rier shift. 


VOM AND VTVM TESTS 


(A) Unmodulated carrier. 


PEAK VALUE 
AVERAGE VALUE 
TROUGH VALUE 


(B) Carrier modulated 50% by undistorted sine wave. 
PEAK VALUE 


AVERAGE 
VALUE aaill CARRIER LEVEL 2 dei 
TROUGH VALUE % efi t +H Me aa ili a 
AMATAUANAUAVOONONGARONANINANUNUNIOANIQANINLONONINI 


wii naauR 


(C) Positive carrier-shift modulation by distorted sine wave. 


Fig. 132. The effect of carrier shift on the modulated carrier. 


To Use a VOM as a Modulation Meter 


Equipment: VOM, audio transformer (1-2 or 1-3 step-up ratio), 
two 1N34A crystal diodes, two 0.001-mfd fixed capacitors, 
12-mmf and 470-mmf fixed capacitors, 100-mmf variable ca- 
pacitor, 1K resistor, 20-microhenry coil, and DPDT toggle 
switch. 

Connections Required: Connect equipment as shown in Fig. 133. 

Procedure: The transmitter is modulated with a pure tone, such 
as the output from an audio oscillator. Orient the pickup 
wire, and adjust the variable capacitor to obtain a convenient 
indication on the 1-ma (or pa) scale of the VOM. Then throw 
the DPDT switch to the opposite position, and again note 
the meter reading. 
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Evaluation of Results: The meter readings will be equal if no 
carrier shift is present. A graph can be drawn, showing 
percentage modulation vs. meter scale readings, if some 
method of establishing the percentage modulation is used. 


(See Note 59.) 


PICKUP 
WIRE 


.OOI 


470 MMF 


DPOT SWITCH 


Fig. 133. Circuit for operating a VOM as a modulation meter. 


NOTE 59 


Wide-Band Scope Shows Percentage of Modulation Directly 


A wide-band scope can be used with 
a pickup loop, as shown in Fig. 134, 
to observe the percentage of modu- 
lation directly. This method requires 
a scope having a vertical amplifier 
capable of responding to the carrier 
frequency. Thus, a 5-mc scope is re- 
quired to display a modulated 5-mc 
carrier. 

Although the sensitivity is low, 
any scope can be used by applying 


the RF voltage directly to the CRT 
deflection plates. In this test, the 
CRT beam is deflected with a con- 
ventional sawtooth sweep. The per- 
centage of modulation is given by: 


. Biaiaz bate Kae 
% Modulation = Ens See x 100 
Observe that the accuracy of cali- 
bration depends upon the absence of 
carrier shift. 


(A) Test setup. 


(B) Waveform observed when 
transmitter is energized by a 
tone signal. 


Fig. 134. Using a wide-band scope to observe the percentage of modulation 


directly. 
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To Measure the Phase Angle Between Voltage and Current 
in a Power Supply or Other AC Device 


Equipment: Oscilloscope and small power resistor (a l-ohm, 5- 
watt resistor will usually be satisfactory). 

Connections Required: Connect equipment as shown in Fig. 135. 

Procedure: Adjust the scope gain controls until the ellipse is 
centered on the screen and the pattern is a convenient size. 
Count the squares on the graph screen of the scope, to deter- 
mine the values of A and B. (See Fig. 136.) 

Evaluation of Results: The voltage drop across the resistor is 
proportional to the current. The voltage drop across the input 
terminals of the power supply is the driving voltage. Hence, 
the phase angle between the voltage and current is given 
by the arc sine of the ratio B/A. In other words, it is the 
angle whose sine is B/A. Find the angle by consulting a table 
of trigonometric functions. 


The aspect of the elliptical pattern is of no concern. In other 
words, it makes no difference whether the scope gain controls 
are set high or low: the ratio B/A will always remain the same. 
However, it is easier to count the squares accurately if a large 
pattern is used, with nearly full-screen deflection both vertically 
and horizontally. 
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PHASE ANGLE = 
B 
ARC SIN A 
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Fig. 135. Test setup. 


Fig. 136. Pattern displayed on scope 
screen. 


NOTE 60 


To Determine the Direction of Beam Travel in a Pattern 


When phase angles are measured, it 
is often helpful to know whether 
the CRT beam is traveling clockwise 
or counterclockwise. When current 
leads voltage, for example, the beam 
travel is opposite to that for current 
lagging voltage. To determine the 
direction of beam travel in the el- 
lipse obtained in U70, leave the 
equipment connected, as shown in 
Fig. 135, and differentiate a square 
wave; then apply the differentiated 
voltage to the intensity-modulation 
terminals of the scope, as shown in 
Fig. 137A. The positive peak of the 
differentiated wave brightens and 
defocuses the spot, forming patterns 
that suggest arrowheads, as shown in 
Fig. 137B. The beam moves in the 
direction of the arrowheads (clock- 
wise in Fig. 137B). If the current 
leads the voltage, the beam may 
travel counterclockwise, as shown in 
Fig. 137C. The current and volt- 
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age vectors rotate counterclockwise 
(from 1-2 to 3-4). As the current 
rises, the spot deflects upward. As 
the voltage rises, the spot deflects 
to the left. The beam has a counter- 
clockwise motion. On the other hand, 
if the current lags the voltage, the 
beam then travels clockwise. The 
voltage goes through its maximum 
value before the current passes 
through maximum. Note that the 
beam travel might be clockwise for 
leading current, and counterclock- 
wise for lagging current. This oc- 
curs if the left-hand scope plate is 
grounded instead of the right-hand 
plate, as shown in Fig. 137C. In a 
scope having amplifiers, the refer- 
ence beam travel is clockwise or 
counterclockwise, depending upon 
the number of stages in each am- 
plifier (even or odd). Thus, if we 
first establish a reference direction 
by checking a known configuration, 


OSCILLOSCOPE TESTS 


such as a series RC circuit, in which 
the current is known to lead the 
voltage, we can determine the di- 


rection of beam travel and the phase 
relationship of voltage and current 
in any circuit. 


SQUARE- 0 
WAVE 
GENERATOR © 


(A) Test setup. 


| RESPONSE 
VERTICAL 
E RESPONSE DEFLECTION 
HORIZONTAL 
DEFLECTION 


(B) Arrowhead pattern. (C) How pattern is obtained. 


Fig. 137. Using a differentiated square wave to find the direction of beam 
travel. 


NOTE 61 


To Determine Whether the Current Leads or Lags the Voltage 


When the phase angle between volt- 
age and current is measured as de- 
scribed in U70, it is not always 
apparent whether the current is 


leading or lagging. A simple test will 
answer the question. Connect a small 
capacitor C in series with the verti- 
cal-input lead of the scope. This ad- 
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vances the phase of the vertical sig- 
nal. The vertical signal is the current 
indicator. If the current is leading, 
the pattern becomes less of an ellipse 
and more of a circle. On the other 
hand, if the current is lagging, the 
pattern becomes a narrower ellipse. 


OSCILLOSCOPE TESTS 


This test is valid at such low fre- 
quencies as 60 cycles only. The input 
impedance of a scope is resistive at 
low frequencies. Choose a _ suitable 
value for C to obtain a noticeable 
change in the pattern shape. 


NOTE 62 


To Measure the Power Factor of an AC Device 


When the phase angle between volt- 
age and current is measured as ex- 
plained in U70, the power factor can 


metric functions. Look up the cosine 
of the phase angle. This is the power 
factor of the device. 


be found from a table of trigono- 


To Measure the Phase Angle Between Voltage and Current, 
Using the External Sync Function 


Equipment: Oscilloscope and a power resistor. 

Connections Required: Connect equipment as shown in Fig. 138. 

Procedure: Connect the vertical-input lead from the scope to 
point 1 (Fig. 138). Adjust the sync-amplitude and horizontal- 
deflection controls to obtain a convenient pattern, preferably 
with the zero point of the sine wave exactly at the left end 
of the base line, as shown in Fig. 139A. Next connect the 
vertical-input lead from the scope to point 2. Reduce the 
vertical gain controls of the scope, as required, to obtain a 
normal pattern. Do not touch the sync-amplitude or hori- 
zontal-deflection controls. Observe the displacement of the 
sine-wave pattern along the base line (Fig. 139B.) 

Evaluation of Results: A complete cycle occupies 360°. The dis- 
placement is a certain fraction of a cycle and a corresponding 
number of degrees. Thus, if the second pattern is displaced 
one-eighth of a cycle (as shown in Fig. 139B), the phase 
angle between voltage and current will be 45°. 
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POWER 
SUPPLY 


Fig. 138. Test setup. 


rO- 
}-—_——— 360° —_—_—_+1 


(A) Test 1. (B) Test 2. 
Fig. 139. Waveforms obtained in tests. 


To Check a Speech Amplifier for Clipping Distortion 


Equipment: Oscilloscope, audio oscillator, and terminating re- 
sistor. 

Connections Required: Connect a power resistor of suitable value 
across the amplifier output terminals. Connect the vertical- 
input terminals of the scope across the resistor. Connect the 
audio-oscillator output to the microphone-input connector 
of the amplifier. (See Fig. 140.) 

Procedure: Tune the audio oscillator to a midrange frequency, 
such as 1,000 cycles. Advance the output from the audio 
oscillator while observing the pattern on the scope screen. 

Evaluation of Results: A good sine waveform (Fig. 141A) should 
be observed until the maximum rated output of the speech 
amplifier is reached. Clipping distortion appears as shown 
in Fig. 141B. 


If the audio oscillator has a distorted output, look for the 
generator characteristic, instead of a true sine wave, on the scope 
screen. 
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Fig. 140. Test setup. 


(A) Correct waveform. (B) Waveform showing clipping. 


Fig. 141. Waveforms obtained in test. 


To Check a Speech Amplifier for Overload Distortion by 
Using Lissajous Patterns (Cyclograms) 


Equipment: Oscilloscope, audio oscillator, and terminating re- 
sistor. 

Connections Required: Connect a power resistor of suitable value 
across the amplifier output terminals. Connect the vertical- 
input terminals of the scope across the resistor. Connect the 
audio-oscillator output to the microphone-input connector of 
the amplifier and the horizontal-input terminal of the scope. 
(See Fig. 142.) 

Procedure: Tune the audio oscillator to a midrange frequency, 
such as 1,000 cycles. Advance the output from the audio 
oscillator while watching the screen pattern. 

Evaluation of Results: The screen pattern should be a straight 
line (the line will slope to the right or left, depending upon 
the number of amplifier stages in the scope). Any departure 
from a straight line, as illustrated in Fig. 143, indicates 
amplitude nonlinearity in the speech amplifier. 
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A speech amplifier should have good amplitude linearity to avoid 
generation of spurious sidebands in the modulated RF wave. 
On the other hand, the frequency response of the speech amplifier 
may be quite limited, such as 250 to 2,500 cycles. Good fidelity 


is not required for intelligible speech transmission. 


Fig. 142. Test setup. 


(A) Clipping distortion of posi- 
tive and negative peaks. 


(B) Amplitude nonlinearity. 


Fig. 143. Waveforms obtained in test. 


NOTE 63 


Trapezoidal Modulation Patterns Are a Special Type of Lissajous Figures 


Trapezoidal modulation patterns are 
not always recognized as being a 
special form of Lissajous pattern. 
As shown in Fig. 144A, when volt- 
ages with the same frequency, but 
90° out of phase, are applied to the 
CRT deflection plates, the simplest 
form of Lissajous pattern—a circle— 
will be displayed. If a fundamental 
voltage and its second harmonic are 
applied to the plates, a lazy-eight 
pattern (Fig. 144B) will be obtained. 


Patterns of increasing complexity 
are obtained as the order of the 
harmonic is increased. Going back 
to patterns obtained when the same 
frequency is applied to both the 
vertical and the horizontal plates, 
we observe a straight diagonal line 
(as shown in Fig. 144C) when the 
two voltages are in phase. Finally, if 
we apply the modulating voltage to 
the horizontal plates and the modu- 
lated voltage to the vertical plates 
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(see Fig. 144D), the modulating and 
envelope frequencies will be the 
same. However, there will be two 
envelopes. Hence, we will see two 
diagonal lines; or a trapezoid will be 


OSCILLOSCOPE TESTS 


displayed on the scope screen. The 
space between the two straight lines 
is filled in because the high third 
frequency (carrier) is also present. 


(A) Both voltage of same fre- 
quency, 90° out of phase. 


(C) Both voltages of same fre- 
quency and phase. 


(B) Fundamental and_ second 
harmonic. 
MODULATED 
VOLTAGE 
MODULATING 
VOLTAGE < 


(D) A modulated voltage and the 
modulating voltages. 


Fig. 144. Lissajous patterns obtained when the voltages indicated are applied 


to the CRT deflection plates. 


NOTE 64 


Trapezoidal Patterns Vary According to Test Conditions 


Two “trapezoidal” patterns for a 
100% modulated carrier are shown 
in Fig. 145. The aspect of the pattern 
changes as the relative amplitudes of 
the horizontal- and vertical-deflec- 
tion voltages are varied. In both in- 
stances, however, a basic trapezoid 
will be observed. On the other hand, 
if the vertical-deflection voltage is 
out of phase with the horizontal- 
deflection voltage, a pair of ellipses 
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or circles will be displayed (Fig. 
146). Although an experienced oper- 
ator can evaluate an out-of-phase 
pattern as accurately as he can an 
in-phase pattern, the beginner is 
advised to select only those test 
conditions which provide in-phase 
deflection voltages. Otherwise, the 
pattern may appear confusing, and 
may lead him to false conclusions. 


OSCILLOSCOPE TESTS 


(A) Vertical-deflection volt- 
age greater than horizontal- 
deflection voltage. 


Is 


(B) Horizontal-deflecting volt- 
age greater than vertical-de- 
flecting voltage. 


Fig. 145. Trapezoidal patterns for 100% modulation. 


(A) More than 90° phase dif- 
ference. 


(B) 90° phase difference. 


Fig. 146. Typical patterns resulting from phase differences between voltages 


on vertical- and horizontal-deflection plates. 


To Obtain a Trapezoidal Pattern in Correct Phase 


Equipment: Oscilloscope, two high-voltage fixed capacitors (ap- 
proximately 0.005 mfd), assorted values of fixed resistors, 
trimmer capacitor (approximately 100 mmf maximum), 1- 


megohm potentiometer, and loop. 


Connections Required: Connect equipment as shown in Fig. 147. 
Capacitors C1 and C2 are the high-voltage fixed capacitors. 
Each capacitor should be rated for a working voltage in 
excess of the peak: modulating voltage. Otherwise, the test 
setup is extremely dangerous. Resistor R1 is chosen to give 
from two-thirds to three-quarters full-screen deflection hori- 


zontally. 


OSCILLOSCOPE TESTS 


Procedure: The loop is coupled close enough to the tank to pro- 
vide from two-thirds to three-quarters full-screen deflection 
vertically. CAUTION: Do not place the loop within arcing 
distance of the tank. More turns can be used on the loop, 
if necessary. Adjust C3 and R2 for proper phasing of the 
modulation pattern. The value of R1 can be changed to pro- 
vide the desired amount of horizontal deflection. 

Evaluation of Results: The phasing capacitor and resistor are 
correctly adjusted when a trapezoidal pattern (instead of 
two ellipses or circles) appears on the scope screen. 


The RF voltage applied to the scope can be stepped up by add- 
ing a tuned circuit between the link and the deflecting plate, as 
shown in Fig. 148. If a wide-band scope is used, the indicated 
connections to the deflection plates can be made to the vertical- 
and horizontal-input terminals instead. 


Fig. 147. Test setup. 
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OSCILLOSCOPE TESTS 


TUNED CIRCUIT 


© COUPLING LOOP 


Fig. 148. Addition of tuned circuit to test setup shown 


in Fig. 147. 


NOTE 65 


Modulation Percentages Indicated by Trapezoidal Patterns 


The percentage of modulation is read 
from a trapezoidal pattern in basi- 
cally the same way as for a pattern 
displayed on sawtooth deflection. 
Fig. 149 shows four examples. Count 
the squares of vertical deflection at 
the long and short ends of the trape- 
zoid. The percentage of modulation 
is then given by: 
Emax — Emin 


(A) 0% modulation. 


19 i 


(C) 90% modulation. 


When the carrier is unmodulated, 
we see merely a vertical line (Fig. 
149A). In this case, Emax = Emin, and 
the percentage of modulation is zero. 
A ratio of 3 to 1 represents 50% 
modulation (Fig. 149B); a ratio of 
19 to 1 represents 90% modulation 
(Fig. 149C). If a horizontal “tail” 
follows the “100% modulation” pat- 
tern (as shown in Fig. 149D), the 
transmitter is being overmodulated. 


(B) 50% modulation. 


(D) Overmodulation. 


Fig. 149. Four examples of modulation percentages. 
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OSCILLOSCOPE TESTS 


To Check the Operation of a Speech Clipper 


Equipment: Oscilloscope. 
Connections Required: Connect the vertical-input terminals of 


the scope to the clipper output, as shown in Fig. 150. 


Procedure: Set the horizontal-deflection controls of the scope 


for a fairly low frequency. Adjust the vertical-gain controls 
of the scope for a convenient pattern height. Speak normally 
into the microphone, and observe the screen pattern. Then 
speak at a louder level than normal, and observe the pattern. 
Finally, speak at a lower level than normal, and observe the 
pattern. 


Evaluation of Results: The highest signal peaks should show 


evidence of clipping at a normal sound level, as indicated 
in Fig. 151. If the highest peaks are not clipped, increase 
the gain of the speech amplifier. On the other hand, if the 
clipping is excessive, reduce the speech-amplifier gain. When 
suitably adjusted, the clipper will show no effect at low sound 
levels, but will show extensive clipping at abnormally high 
sound levels. 


SPEECH 
CLIPPER 


SPEECH 
AMPLIFIER 


Fig. 150. Test setup. 


CLIPPED 
PEAK 


CLIPPING 
LEVEL 


CLIPPING 
LEVEL 


CLIPPED 
PEAK 


Fig. 151. Typical peak clipping at 
normal sound level. 


OSCILLOSCOPE TESTS 


To Check the Operation of a High-Level Clipper 


Equipment: Oscilloscope and pickup wire (or coupling loop). 

Connections Required: Couple the vertical-input terminals of a 
wide-band scope (or vertical-deflection plates of the CRT in 
a narrow-band scope) to the tank of the RF amplifier. (See 
Fig. 152.) 

Procedure: Operate the transmitter at a normal sound level and 
observe the screen pattern, using sawtooth horizontal deflec- 
tion. Next operate the transmitter at a high sound level and 
observe the pattern. Finally, operate the transmitter at a 
low sound level and observe the pattern. (See Fig. 153.) 

Evaluation of Results: At less than 100% modulation, no peak 
clipping should be observed. Clipping of the highest peaks, 
and 100% modulation, should be observed at the normal 
sound level. At high sound levels, extensive clipping will 
be observed, and no overmodulation should occur. Over- 
modulation is evidenced by sharp square corners at the hori- 
zontal center-line level. On the other hand, if the clipping 
and low-pass filtering are correct, the signal troughs will 
have rounded corners at the horizontal center line. The clip- 
ping level is adjusted by varying the modulator plate loads 
as required. 


SPEECH LOW-PASS 


FILTER 


MODULATOR 


Fig. 152. Test setup. 


123 


OSCILLOSCOPE TESTS 


CLIPPED CLIPPED 
PEAK PEAK 
CLIPPING 
EVEL 
CLIPPING __ a k : 
L VeLs— Fig. 153. Pattern observed with 
test setup shown in Fig. 152. 
CLIPPING 
EVEL 
CLIPPED Sse 
PEAK CLIPPED 


PEAK 


To Check the Keying Wave With an Oscilloscope 


Equipment: Pickup wire (or coupling loop). Test is more con- 
veniently made if a “bug” key is used.) 

Connections Required: Couple the vertical-deflection circuit of 
the scope to the tank of the RF amplifier. 

Procedure: Key the transmitter with a succession of dots. Adjust 
the sawtooth-deflection controls of the scope until the pattern 
in Fig. 154 is obtained. 

Evaluation of Results: The keying filter should provide dots with 
rounded “tails” and leading corners, as shown in Fig. 154A. 
If a square waveform (Fig. 154B) is displayed, the time 
constant of the keying filter must be increased, because a 
square wave contains an excessive number of sideband fre- 
quencies (theoretically, an infinite number), and causes click 
interference. (Also see Note 66.) 
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OSCILLOSCOPE TESTS 


LEADING CORNER 


ROUNDED a 


FALL IS SLOWED 


. a vt 


as 


LEADING CORNER 
ROUNDED 


“TAIL OF 
DOT 


(A) Rounded corners produced by properly 


designed keying filter. 


il 


il 


Il 


(B) Square waveforms pro- 
duced by improperly designed 


keying filter. 


Fig. 154. Appearance of a succession of dots on scope screen. 


NOTE 66 


Phase Shift in Keying Filter Causes Unsymmetrical Waveform 


Simple keying filters are effective in 
reducing the bandwidth of the key- 
ing waveform. On the other hand, 
simple filters cause phase shift of 
the various harmonics in the wave, 
and make the waveform unsymmet- 
rical, as shown in Fig. 155B. This 
dissymmetry is not objectionable in 
practical operation. However, it can 
cause confusion when the keying 
waveform is being checked with a 
scope, because the sharp trailing cor- 
ner can lead to an unjustified con- 
clusion that high harmonic frequen- 


cies are still present. When inter- 
preting such waveforms, carefully 
distinguish between sharp corners 
caused by high harmonic frequencies 
which are in phase, and sharp cor- 
ners caused by lower harmonic fre- 
quencies which are unequally shifted 
in phase. The latter can be neglected 
in practice. Corners are rounded 
symmetrically (Fig. 155C) by the 
more elaborate filters, which provide 
high-frequency attenuation without 
excessive phase shift. 
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OSCILLOSCOPE TESTS 


(A) Detail of leading edge with (B) Sharp corner at trailing edge, 
high harmonics filtered out. caused by lagging phase at lower 
frequencies. 


(C) Symmetrical rounding of 
corners provided by more elabo- Fig. 155. Effect on waveform by 
rate filter. keying filter. 


To Make an Over-all Check for Audio Distortion 


Equipment: Oscilloscope, audio oscillator with good sine-wave 
output, two high-voltage fixed capacitors (approximately 
0.005 mfd), assorted values of fixed resistors, trimmer ca- 
pacitor (approximately 100 mmf maximum), 1-megohm po- 
tentiometer, and loop. 

Connections Required: Connect the audio-oscillator output to 
the microphone-input connector of the speech amplifier Con- 
nect the scope and other components as illustrated in Fig. 156. 

Procedure: Advance the audio-oscillator output for somewhat less 
than 100% modulation. Phase the audio signal to the hori- 
zontal plates of the CRT, in order to obtain a pattern con- 
taining circles, or approximate circles, as shown in Fig. 157. 
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OSCILLOSCOPE TESTS 


Evaluatio pei 8 ults: cae -all audio and modulating system 
ae perfec oe will be ere the modu- 
lation iene as ots n Fig. 157A. On the other hand, if 
the circ im 
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OSCILLOSCOPE TESTS 


NOTE 67 


Recognition of Overmodulation in Out-of-Phase Trapezoidal Patterns 


When overmodulation is present, an 
out-of-phase trapezoidal pattern 
shows flattening of the circles, or 
ellipses, at the horizontal center-line 
level, as illustrated in Fig. 158. If 
this type of display is observed, re- 
duce the output from the audio os- 
cillator to eliminate the “flats” in 
the circles. “Flats” are sometimes 
observed at less than 100% modu- 


il 


Ton 


lation, as shown in Fig. 159. The 
separation of the “flats” indicates 
that modulation is less than 100%. 
The occurrence of the “flats” shows 
that limiting or clipping is taking 
place in the audio system. If so, it is 
advisable to use the scope as a signal 
tracer in the audio channel, to deter- 
mine where the distortion occurs. 


Fig. 158. Pattern obtained when modulation is 
in excess of 100%. 


Fig. 159. Pattern obtained when the audio is 
clipped in the speech channel. 


OSCILLOSCOPE TESTS 


To Check for Spurious Phase Modulation in an AM Wave 


Equipment: Oscilloscope, pickup coils and tuned circuits for scope 
deflection plates (see Fig. 160), and audio oscillator. 

Connections Required: Connect equipment as shown in Fig. 160. 

Procedure: Operate the transmitter at nearly 100% modulation, 
using a 1-kc sine-wave signal from the audio oscillator. 
Couple the pickup coils to the oscillator tank and to the final 
tank, in order to obtain convenient horizontal and vertical 
deflection on the scope screen. Adjust tuning capacitors Cl 
and C2 to obtain a diagonal-line trace on the screen. 

Evaluation of Results: If there is no spurious phase modulation in 
the amplitude-modulated signal, a clean straight-line trace 
(as shown in Fig. 161A) will be displayed. On the other hand, 
if spurious phase modulation is present, the line appears 
expanded at the ends, giving a bow-tie pattern (as shown 
in Fig. 161B). 

TO CRYSTAL OSC. OR VFO ree 
PICKUP PICKUP 
LOOP LOOP 


TUNED 
CIRCUIT 


TUNED 
CIRCUIT 


Fig. 160. Test setup. 


(A) No spurious phase modu- (B) Spurious phase modula- 
lation. tion. 


Fig. 161. Lissajous figure obtained when test setup shown in Fig. 160 is used. 


129 


OSCILLOSCOPE TESTS 


NOTE 68 


Tuned-Circuit Input to CRT Deflecting Plates Eliminates Astigmatism 


The tuned-circuit input in Fig. 160 
provides push-pull drive to the CRT 
and eliminates astigmatism. In con- 
sequence, sharp and uniform focus 
can be maintained over the complete 
pattern. Note, however, that the cen- 
tering controls for the scope become 
ineffective when the circuit in Fig. 


TO VERT. 
CENTERING 
CONTROL 


160 is used. The reason is that the 
coils prevent differing DC voltages 
from being applied to the pairs of 
plates. To retain the normal action 
of the scope centering controls, use 
a blocking capacitor in series with 
one side of the tuned circuit, as 
shown in Fig. 162. 


TO VERT. 
CENTERING 
CONTROL 


TO HORIZ. 
CENTERING 
CONTROL 


TO HORIZ. 
CENTERING 
CONTROL 


1O MEG 


Fig. 162. Modified version of the circuit shown in Fig. 160. 


To Check the Frequency Response of a TVI Filter 


Equipment: Oscilloscope, sweep generator, terminating resistor, 


and demodulator probe. 


Connections Required: Connect the output cable from the sweep 
generator to the filter input terminals, as shown in Fig. 163. 
Connect a terminating resistor of suitable value across the 
filter output terminals. Connect the demodulator probe across 
the terminating resistor. Feed the output from the demodu- 
lator probe to the vertical-input terminals of the scope. If the 
scope does not have a built-in source of 60-cycle sine-wave 
phasable voltage (for horizontal deflection) , connect the lead 
from the horizontal-input terminal of the scope to the 60- 
cycle output terminal of the generator. 
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OSCILLOSCOPE TESTS 


Procedure: Tune the sweep generator to the approximate center 
frequency of the filter. Use a greater sweep width than that 
of the filter bandpass (if the filter cuts at 6 mc, for example, 
use about a 10-mc sweep width). Adjust the gain and phasing 
controls for a standard pattern display. 

Evaluation of Results: The filter should start attenuating at the 
rated cutoff frequency. (Use an internal or external marking 
voltage.) A multisection filter (or a filter with m-derived 
end sections) will normally have a sharper cutoff charac- 
teristic than a simple pi or T section. 


See U23 through U38 for a further discussion of filter values 
and response. Poor filter response is usually caused by off-value 
inductors or capacitors, coupling between inductors, insufficient 
shielding, or excessive losses in the coils (eddy currents, etc.) 


\ | 
' | 
rae LOW PASS FILTER rare 
| 1 
| | 
| | 


DEMODULATOR 
PROBE 


SWEEP 
GENERATOR 
O 


Fig. 163. Test setup. 


NOTE 69 


Power-Handling Filters Should Be Enclosed in Individual Shield Boxes 


Filters which handle appreciable put terminals, as shown in Fig. 164A, 


power, such as TVI filters, should 
be completely enclosed in a shield 
box separate from the transmitter. 
Connections to the filter are most 
effectively made with coaxial cable. 
If a filter is constructed to operate 
into a 50-ohm load, this load may 
be either a 50-ohm resistor con- 
nected directly across the filter out- 


or a properly terminated 50-ohm co- 
axial cable, as shown in Fig. 164B. 
The length of the cable is of no con- 
sequence. Instead of being termi- 
nated with a 50-ohm resistor, the 
cable may be terminated with a 
50-ohm antenna. The filter will still 
be terminated properly, as long as 
the cable works into a 50-ohm load. 
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OSCILLOSCOPE TESTS 


(A) Termination with a 50-ohm re- 
sistor. 


SOQ. COAX CABLE 


(B) Termination with a properly terminated coaxial 


cable. 


Fig. 164. Termination of filters. 


NOTE 70 


Conventional Filter Circuitry Is Often Oversimplified 


Electronic circuit diagrams are a 
form of technical shorthand. They 
are convenient because they simplify 
the circuit to its essentials. On the 
other hand, they are sometimes over- 
simplified, which causes confusion in 
the mind of the beginner. Filter cir- 
cuitry is an example. Fig. 165 shows 
two low-pass filters in conventional 
representation and as actual opera- 
tive units. We see that the filters are 
not LC devices. Instead, a filter is 
an RLC device. The intended fre- 
quency response can be obtained 
only when the source resistance Rin 


L 


oa MN Rie 
(A) Conventional representa- 


tion of a low-pass L-type fil- 
ter. 


L L 


ses aS 
(C) Conventional representa- 


tion of a low-pass T-section 
filter. 


and the load resistance Rx are cor- 
rect. We often tend to overlook the 
great importance of the source re- 
sistance. It is helpful to recall that, 
if the source resistance is practically 
zero, a parallel-resonant circuit has 
no tuning effect. On the other hand, 
if the source resistance is practically 
infinite, a series-resonant circuit has 
no tuning effect. Hence, the fre- 
quency response of a filter depends 
upon the value of the source resist- 
ance, aS well as upon the value of 
the load resistance. 


E R 


(B) Actual working circuit 
of A 


Rin L L 
E Ri 


(D) Actual working circuit 
of C. 


Fig. 165. Comparison of conventional representation and actual working 


circuits of low-pass filters. 
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OSCILLOSCOPE TESTS 


To Use a Scope as a Portable Modulation Monitor 


Equipment: Oscilloscope, rectifier tube, trimmer capacitor, induc- 
tor (value of trimmer capacitor and inductor selected which 
will tune to desired band), two 90-microhenry choke coils, 
three 270-mmf capacitors, 0.1-mfd capacitor, 50k resistor, 
1 meg resistor, and length of wire. 

Connections Required: Connect components as shown in Fig. 166. 

Procedure: Use a long enough pickup wire to provide two-thirds 
to three-quarters full-screen deflection. Tune capacitor C to 
the carrier frequency of the transmitter. 

Evaluation of Results: The patterns are evaluated as explained 
in Note 65. When voice modulation instead of audio tone 
modulation is used, the horizontal width of the pattern 


changes constantly. 


PICKUP WIRE 


270 MMF 


RECTIFIER 


Fig. 166. Configuration for using a scope as a modula- 


tion monitor. 


NOTE 71 


Bright Bands in Trapezoidal Pattern Caused by Nonsinusoidal 
Modulating Voltage 


When a nonsinusoidal modulating 
voltage (as shown in Fig. 167A) is 
used, a trapezoidal pattern is ob- 
tained. However, the shading of the 
pattern is not uniform, as illustrated 
in Fig. 167B. If an audio oscillator 


with a good waveform is used to 
test a transmitter, the trapezoidal 
pattern should show no bright and 
dark bands. If it does, there is dis- 
tortion in the speech amplifier or 
modulator. 
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OSCILLOSCOPE TESTS 


(A) Nonsinusoidal modulating wave- 
forms. 


a eae rn produced by non 
vidal: modulliieyee oles get 


Fig. 167. Effect of nonsinusoidal modulating voltage. 


REFLECTED-POWER AND SWR METERS 


To Tune Up a Transmitter, Using a Reflected-Power/Stand- 
ing-Wave Ratio Meter as an Indicator 


Equipment: Reflected-power/SWR meter. 


Connections Required: Connect the meter in series with the coax 
cable from the transmitter matching network to the antenna, 
as illustrated in Fig. 168. 

Procedure: First set the function switch to “F” (to read the for- 
ward power to the antenna). Set the Sensitivity control to 
minimum (to protect the meter movement against overload). 
Turn the transmitter on. Advance the Sensitivity control for 
approximately half-scale indication. Tune the transmitter 
controls for the maximum reading on the meter. Reduce the 
Sensitivity control setting, if necessary. 

Evaluation of Results: Maximum power is being fed to the an- 
tenna when the meter reading is highest. 


An R-P/SWR meter requires a certain amount of power output 
before a useful indication can be obtained. The meter cannot be 
used with very low-power transmitters. The higher the oper- 
ating frequency, the less the output power required for satis- 
factory operation of the meter. 


FROM 

TRANSMITTER TO ANTENNA 
MATCHING LJ end 
NETWORK 


Fig. 168. Connecting the R-P/SWR meter in 
series with the line. 
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REFLECTED-POWER AND SWR METERS 


NOTE 72 


Meter Must Be Connected to Correct Impedance 


The R-P/SWR meter operates prop- 
erly only when connected to a co- 
axial cable of suitable impedance. 
In other words, some meters are 
constructed to work with a 50-ohm 
coax cable; others are designed to 
operate with 75-ohm coax. If the 
meter is to be used with a line of 
unsuitable impedance value, imped- 


ance transformers must be used at 
the input and output of the meter. 
If used with a balanced line, the 
meter must be connected to suitable 
baluns. Because the meter introduces 
practically no loss, it can be left per- 
manently connected and used as a 
monitor. 


NOTE 73 


R-P/SWR Meter Consists of an RF Bridge Constructed of Line Sections 


As shown in Fig. 169, a reflected- 
power/standing-wave ratio meter 
consists basically of a section of co- 
axial line to which two straight 
wires are coupled. The wires provide 
both inductive and capacitive coup- 
ling to the central conductor of the 
coax. Each wire is terminated by a 
suitable resistance (at the opposite 
ends). Each wire also has a diode 


100.n. 


COUPLING WIRE 
RF INPUT 


mat 


rectifier connected at a point near 
the unterminated end of the wire. 
The forward power flow generates 
the output from one diode; the re- 
flected power flow generates the out- 
put from the other diode. A switch 
is commonly provided, as shown, to 
measure the forward or reflected 
power separately. 


Fig. 169. Circuit of a typical R-P/SWR meter. 
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REFLECTED-POWER AND SWR METERS 


To Measure the Standing-Wave Ratio or the Percentage of 
Reflected Power on a Line 


Equipment: Reflected-power/SWR meter. 

Connections Required: Connect equipment as shown in Fig. 168 
(U82). 

Procedure: Set the function switch to Forward. Advance the 
Sensitivity control for full-scale (Set) indication on the me- 
ter. Then turn the function switch to the Reflected position. 

Evaluation of Results: Read the standing-wave ratio and the 
corresponding percentage of reflected power directly from 
the meter scale. (See Fig. 170.) 


The SWR will be very close to 1 when the line matches the 
antenna properly. Hence, the meter is usful for adjusting matching 
stubs, Q bars, etc., as well as for monitoring the match continu- 
ously during change of weather, operating frequency, or bands. 


WAVE RATIO 
3 


we 
ow \5 2 
Fig. 170. A typical scale plate for an id 
R-P/SWR meter. 


To Check the Operation of a Controlled-Carrier Transmitter 


Equipment: Reflected-power/SWR meter. 

Connections Required: Connect the R-P/SWR meter in series 
with the coaxial line to the antenna. 

Procedure: Set the function switch to Forward. Adjust the Sensi- 
tivity control for one-third to one-half full-scale indication. 
Speak into the microphone at low, medium, and high levels. 
Observe the pointer on the meter. 
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REFLECTED-POWER AND SWR METERS 


Evaluation of Results: The pointer should “kick up” while the 
transmitter is being modulated. This movement should be 
greater at higher sound levels. 


NOTE 74 


Forward Reading May Drop Slightly During Amplitude Modulation 


When the R-P/SWR meter is set to 
its Forward function and connected 
to a conventional amplitude-modu- 
lated transmitter, the reading will 
often drop slightly while the trans- 
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mitter is being modulated. This is 
due to current versus voltage non- 
linearity in the final amplifier. It is 
not a cause for concern unless the 
drop is excessive. 


BRIDGE TESTS 


To Convert an Antenna Impedance Meter to a Wheatstone 
Bridge 


Equipment: Antenna impedance meter, flashlight battery, and 
100K potentiometer. 

Connections Required: Connect the meter movement directly 
across the bridge arms, as shown in Fig. 171. 

Procedure: Connect the battery to the bridge. Set protective 
resistance R initially to 100K. Connect the unknown resist- 
ance across the Unknown terminals. Adjust R; for a zero 
reading on the meter. Advance R. Readjust Ri, if necessary, 
for a zero reading on the meter. 

Evaluation of Results: Read the resistance of the “unknown” 
directly from the R;, scale. 

CAUTION: Return R to its full resistance, or disconnect 
the battery before disconnecting the “unknown” resist- 
ance from the bridge. Otherwise, the meter movement 
may burn out. 


If an antenna impedance meter is converted to a resistance 
bridge, it is generally desirable to change the meter movement 
from a zero-left to a zero-center movement. However, this is not 
essential, because the balance can still be determined with a zero- 
left scale indication. 
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UNKNOWN Ry 


2 R R3 
x” Ro 


BRIDGE TESTS 


Fig. 171. An antenna imped- 
ance meter connected as a 
Wheatstone bridge. 


NOTE 75 


Off-On Switches Add to Convenience of Bridge Operation 


As shown in Fig. 172, a push-button 
switch (S:) can be connected in 
series with the battery lead, for 
convenient application of driving 
voltage to a resistance bridge. A tog- 
gle switch in series with the meter 
movement is sometimes used also. 
This is shown as §; in Fig. 172. Note 
in Fig. 172 how a potentiometer (Rs) 
can be used in shunt with the meter 
movement, for overload protection 


— oa 
ide 
Mil : 
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during connection and disconnection 
of the “unknown.” Typical meter 
movements have a resistance of 1,000 
ohms. A 50K shunt potentiometer is 
satisfactory. On some bridges, Rs is 
spring-loaded, so that the meter 
movement is normally shunted by 
a low resistance. Thus, the operator 
must hold R, at its high-resistance 
position against the spring tension. 


Fig. 172. A practical DC bridge with 
a switch for opening the battery cir- 
cuit, a switch for opening the meter 
circuit, and an adjustable protective 
shunt around the meter. 


BRIDGE TESTS 


NOTE 76 


Wide-Range Resistance Bridges Use Decade Resistance Boxes in 
the Bridge Arms 


Decade resistance boxes are com- 
monly used as resistance arms in 
wide-range bridges. Decades are 
rated for accuracy. Low-accuracy 
decades are not costly; on the other 
hand, a highly accurate decade is 
quite expensive. In most practical 
work, only moderate accuracy is re- 
quired in the decades. 


Typical commercial resistance 
bridges suitable for shop use range 
from 0.1 ohm to 10 megohms. A spe- 
cial type of bridge is required to 
measure resistances below 0.1 ohm 
with reasonable accuracy. 


NOTE 77 


Resistance Values Should Be Measured With DC Supply to Bridge 


A Wheatstone bridge sometimes has 
a choice of either an AC or a DC 
supply voltage. When resistances are 
measured, the DC supply should be 
used. Although the bridge will indi- 
cate correctly on AC when lower 
resistance values are under test, high 
resistances will not null, or the par- 
tial null will be in error. The error 


is caused by stray capacitance in 
parallel with the resistance. When 
the winding resistance of a coil is 
measured, it is of course necessary 
to use a DC supply to the bridge, 
because the inductance of the coil 
will prevent a null from being ob- 
tained if the bridge is driven by AC. 


NOTE 78 


Stepped Resistance Values in Bridge Arms Permit Use of 
Calibrated Potentiometer 


Shop bridges and some lab-type 
bridges often provide a range switch 
with decade resistance values, as 
shown in Fig. 173. This switch speeds 
up the operation of the bridge, since 
a calibrated potentiometer can be 
used in one arm. The multiplier dial 
is usually calibrated in unit steps 
from 0 to 9. The calibrated potenti- 
ometer, indicated from 0 to 1, thus 


“fills in” between the steps of the 
multiplier dial. The reading of the 
calibrated potentiometer is added to 
the reading of the multiplier. The 
range switch is usually calibrated in 
steps of ten. The value of the “un- 
known” is given by multiplying the 
range-switch reading by the sum of 
the calibrated potentiometer and the 
multiplier readings. 
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CALIBRATED 
POTENTIOMETER 


MULTIPLIER 
FOR CALIBRATED 
POTENTIOMETER 


Fig. 173. A bridge circuit employing stepped 
resistance arms and a calibrated potentiome- 
ter. 


To Measure the Capacitance of a Fixed Capacitor 


Equipment: Bridge circuit shown in Fig. 174. 

Connections Required: Connect the “unknown” capacitor across 
the bridge terminals at Cy. 

Procedure: Adjust R, for a minimum reading on the meter. Then 
adjust Rp for a lower minimum. Finally, readjust R, for a 
zero reading. 

Evaluation of Results: The ratio of the unknown capacitance C, 
to the standard capacitance C, is the same as the ratio of 
R. to R,. In commercial bridges, R, is often calibrated to 
read directly in mmf or mfd. If the unknown capacitor Cx 
has losses, these losses represent a certain AC resistance in 
the C, arm. This AC resistance can be balanced out in turn 
by adjustment of Rp. Rp is calibrated in units of D. D is the 
dissipation factor of the capacitor. It is proportional to the 
AC resistance (losses) in the capacitor. D is equal to 1/Q; 
or, in other words, D equals R/X.. If the unknown capacitor 
has practically no losses, D equals zero, and the bridge bal- 
ances with Rp set to zero. 


A typical commercial capacitance bridge measures capacitance 
values from 100 mmf to 100 mfd. Note that a good waveform is 


142 


BRIDGE TESTS 


not required to drive a simple capacitance bridge. The bridge is 
not frequency-sensitive. When balanced for the fundamental, the 
arms are also balanced for harmonics of the fundamental. 
Commercial bridges suitable for shop use generally combine 
the functions of a resistance bridge with those of a capacitance 
bridge. Typical accuracy of such bridges is +3% on either resist- 
ance or capacitance measurements. Although this accuracy does 
not compare with that of laboratory-type bridges, it is much 
better than the accuracy provided by simple ohmmeters and 


capacitance meters. 
IKC 
OSCILLATOR 


Fig. 174. A bridge circuit for measur- 
ing capacitance. 


UNKNOWN 
Cy 
CR, 


xe i 


NOTE 79 


Leakage Resistance Causes Capacitor To Have an Apparent Larger 
Capacitance and a Poorer Power Factor 


When checked on a capacitance resistance Rx is a shunt resistance. 
bridge, a leaky capacitor will have At balance, the bridge has equal 
an apparently greater capacitance impedances in both arms. (Equal 
and a poorer power factor. The rea- impedances exist in equivalent series 
son for this is shown in Fig. 175. and parallel RC circuits.) With ref- 
Power factor is measured with an erence to a given parallel RC circuit, 
~ adjustable series resistance Rin, the the equivalent series RC circuit has 
greater the value of Rin, the poorer greater resistance and greater ca- 
the power-factor reading. Leakage pacitive reactance (less capacitance). 
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C,=STANDARD CAPACITOR 


Rin = EFFECTIVE INTERNAL 
RESISTANCE (AJUSTA BLE) 


Cy = CAPACITOR UNDER TESTED 
Rie LEAKAGE RESISTANCE 


Fig. 175. Checking a leaky capacitor. 


NOTE 80 


Meter Amplifier Provides Advantages in Resistance and Capacitance Bridges 


The better R and C bridges for shop 
use have a built-in vacuum-tube 
amplifier to drive the meter. Two 
advantages are realized: (1) the null 
indication is made more sensitive, 
and (2) less current needs to be 
passed through the resistors. Thus, 
small resistors will not become over- 
heated or damaged. Moreover, the 
vacuum-tube amplifier operates as 
a current limiter when the bridge is 
far out of balance. As a result, the 
meter movement is automatically 
protected against burn-out. The am- 
plifier and the meter movement con- 
stitute a vacuum-tube voltmeter. A 
zero-adjust control is provided, as in 
a conventional VTVM. However, the 
control is often called an AC Zero 
control. When the bridge is operated, 
the control can be set for either 
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zero-left or zero-center indication. 
In either setting, the bridge reads 
the same. Most operators prefer zero- 
left meter indication because the 
pointer travel is conventional, com- 
pared with ordinary voltmeters. Note 
that a generator-level control is often 
provided also. The generator-level 
control is the equivalent of a meter 
shunt. During preliminary balancing 
adjustments, the output voltage from 
the generator is kept small. The low 
output prevents slamming of the me- 
ter. As final balance is approached, 
the generator output voltage is in- 
creased for a more exact indication 
of the balance point. When zero- 
left indication is used, we can start 
with a higher generator-level out- 
put, without danger of slamming the 
meter. 


BRIDGE TESTS 


To Measure the Inductance of a Coil 


Equipment: Bridge circuit shown in Fig. 176. 

Connections Required: Connect the “unknown” coil across the 
bridge terminals at X,. 

Procedure: Adjust R, for a minimum reading on the meter. Then 
adjust Ry for a lower minimum. Finally, readjust R, for a 
zero reading. 

Evaluation of Results: The setting of R,; measures the inductance 
of the coil. The setting of Rg measures the Q of the coil. The 
inductive reactance of the “unknown” inductor is balanced 
against the capacitive reactance of the standard capacitor. 
Use of the capacitor for a standard lessens the cost of the 
bridge and avoids the complication of stray magnetic fields. 


The Q is the quality factor (sometimes called the storage factor) 
of the coil. The higher the Q, the less the AC resistance of the coil. 
Numerically: 


Ener 
oak 


where, 
X;, is the inductance in henrys, 
R is the AC resistance of the coil in ohms. 


Typical bridges for shop use measure inductance values from 
0.1 mh to 100 h. The Hay bridge circuit shown in Fig. 176 is useful 
for measuring inductance values when the Q is between 10 and 
1,000. Note that R; and Rg interact in Fig. 176. If the bridge is 
far out of balance, the interaction can be very large. Beginners 
sometimes falsely conclude that the bridge is faulty because of 
the large interaction of the two controls. 


KC 
OSCILLATOR 


STANDARD 
CAPACITOR 


Fig. 176. The Hay inductance bridge 
circuit. 
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NOTE 81 


Maxwell Bridge Is Used When Coil Under Test Has Low Q 


When a coil has a low Q (between 0 
and 10), it is easier to measure the 
@ with reasonable accuracy if a 
Maxwell bridge instead of a Hay 
bridge is used. Fig. 177 shows the 
basic configuration for a Maxwell 
bridge. The potentiometer for indi- 
cating Q is connected in parallel 
with the standard capacitor (instead 


IKC 
OSCILLATOR 


STANDARD 
CAPACITOR 


O 
UNKNOWN 
X L S 


of in series, as in the Hay bridge). 
The better bridges intended for shop 
use have switching facilities, so that 
a coil can be tested on either type 
of bridge. Although inductance can 
be measured to an accuracy of about 
+10% on a shop bridge, the accuracy 
of the Q@ measurement is less (ap- 
proximately +20%). 


Fig. 177. The Maxwell induc- 
tance bridge circuit. 


NOTE 82 


Shunt Resistance Across Coil Causes Its Apparent Inductance 
and Its Q To Become Smaller 


We find that shunt resistance across 
a coil causes its inductance and its 
@ to measure less. (See Fig. 178.) 
On the other hand, we previously 
found that shunt resistance across a 
capacitor causes its apparent capaci- 
tance and its power factor to in- 
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crease. Thus, in a parallel-resonant 
LCR circuit, the effects of shunt re- 
sistance on the L and C branches 
cancel, but the resonant. frequency 
remains the same. However, shunt 
resistance lowers the Q of the reso- 
nant circuit. 


BRIDGE TESTS 


OSCILLATOR 


STANDARD 
CAPACITOR 


Fig. 178. Measuring a coil with 
shunt resistance. 


To Measure the Resistance of a Series- or Parallel-Resonant 
Circuit 


Equipment: Resistance bridge and audio oscillator. 

Connections Required: Connect the equipment as shown in 
Fig. 179. 

Procedure: Adjust the audio-oscillator frequency until the bridge 
can be nulled. (This is the resonant frequency of the LC 
combination.) 

Evaluation of Results: The resistance measured on the bridge is 
the AC resistance of the LC circuit at resonance. 


This method of measuring AC resistance generally is not useful 
at high frequencies because of the disturbances caused by stray 
capacitances. However, when the AC resistance at resonance is 
comparatively low, an antenna impedance meter can be used in 
combination with a VFO to make this type of measurement. 
An antenna impedance meter is constructed as an RF bridge to 
minimize inaccuracies due to stray capacitances. On the other 
hand, the top measurable resistance value is about 600 ohms. 
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(A) Series-resonant circuit. 
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(B) Parallel-resonant circuit. 


Fig. 179. The Belfils bridge, used to measure the AC resistance of an LC 


circuit at resonance. 


NOTE 83 


Correction of Q and D Readings When External Generator Is Used 


The calibration of Q and D controls 
on capacitance, Hay, and Maxwell 
bridges is based upon the normal 
frequency of operation—usually 1 ke. 
If an external generator with a fre- 
quency of 2 kc is used, for example, 
the D reading must be multiplied by 
2. If the frequency is 3 kc, the read- 
ing must be multiplied by 3, and so 
forth. The Q reading would be di- 


vided by 2 or 3. Thus, although a 
bridge oscillator need not have an 
accurate frequency for measurement 
of L and C values, its frequency 
should be checked when Q or D 
values are to be measured closely. 
Vacuum-tube oscillators are more 
subject to drift than tuning-fork 
oscillators are.. 


To Measure the Leakage Inductance of a Modulating (or 


Other) Transformer 


Equipment: Inductance bridge and shorting wire. 

Connections Required: Short-circuit the primary (or secondary) 
terminals of the transformer. Connect the other pair of termi- 
nals to the inductance bridge. (See Fig. 180.) 
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Procedure: Adjust the L and Q controls for null indication. Ob- 
serve the L and Q readings. 

Evaluation of Results: The leakage inductance differs from the 
primary to the secondary. Thus, we might read 128 milli- 
henrys leakage inductance for the secondary winding and 
11 millihenrys leakage inductance for the primary winding. 
When comparison tests of iron-core transformers are made, 
the transformer with the lowest leakage inductance will be 
the most efficient in a circuit. 


Leakage inductance results from coil turns which are not com- 
pletely included in the magnetic field of the core. A transformer 
that has 100 mh of leakage inductance is the same as an ideal 
transformer that has a 100-mh external inductor connected in 
series with the winding under test. 


Fig. 180. Measuring the leakage in- 
ductance of a modulating trans- 
former. 


To Adjust a Bridge Oscillator Accurately to 1 Ke 


Equipment: AC bridge under test, 0.1-mfd fixed capacitor, 1590- 
ohm resistor, and VTVM with AC probe. 

Connections Required: Connect the resistor and capacitor in series 
across the “unknown” terminals of the bridge. Connect the 
VTVM probe, in turn, across the capacitor and across the 
series combination of R and C. (See Fig. 181.) 

Procedure: Use the bridge to select or make up accurate values 
of R and C. To test the oscillator frequency, note the meter 
readings when the probe is connected across C, and then 
across R and C. 


149 


BRIDGE TESTS 


Evaluation of Results: The voltage across R and C measures 1.41 
times the voltage across C, if the oscillator frequency is 1 kc. 


The accuracy of frequency determination by this method de- 
pends upon a pure sine waveform from the oscillator. However, 
since impedance bridges are designed with low-distortion oscil- 
lators, it is a reasonable assumption that the test is valid. 

If harmonics are suspected in the oscillator waveform, repeat 
the test, using a low-pass filter in series with the oscillator output. 
If a different voltage is measured, harmonics are present; if not, 
the bridge oscillator has a good waveform. 


% a OIC: 
TO UNKNOWN 


TERMINALS OF 
BRIDGE 


Fig. 181. Using a VTVM and an AC probe to 
measure the bridge oscillator frequency. 


To Measure an Unknown Audio Frequency 


Equipment: Components shown in Fig. 182. 

Connections Required: Connect equipment as shown in Fig. 182. 

Procedure: Adjust the R,R» control for a null. 

Evaluation of Results: Potentiometers R,; and Ry are commonly 
calibrated to read frequency directly. 


R, and Ry» track closely. Precision wirewound potentiometers 
are suitable. A logarithmic taper is desirable, to avoid cramping 
of the scale. Excessively high resistances can give rise to inac- 
curacies at higher frequencies, because of stray capacitances. 
To cover the entire audio range from 20 cycles to 20 kc, use three 
steps of capacitance for C, and Co. 
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UNKNOWN 
AUDIO 
FREQUENCY 


Fig. 182. A Wien bridge circuit, used for 


measuring audio frequencies. 


NOTE 84 


Several Functions Are Combined In Shop-type Impedance Bridges 


Impedance bridges for shop use com- 
monly have several basic functions. 
For example, such a bridge is pro- 
vided with switching facilities for 
measuring resistance, capacitance, 
D, and Q. Resistance values can be 
measured from 0.1 ohm to 10 meg- 


ohms; capacitance, from 100 mmf to 
100 mfd; inductance, from 0.1 mh 
to 100 h; D, from 0.002 to 1; and Q, 
from 0.1 to 1,000. Resistance, com- 
parison (capacitance), Maxwell, and 
Hay bridge facilities are also pro- 
vided. 


To Check the Input Impedance of a Speech Filter 


Equipment: Impedance bridge and audio oscillator. 

Connections Required: Connect the speech filter (properly termi- 
nated) to the test terminals of the impedance bridge. Connect 
the audio oscillator to the external generator terminals of 


the bridge. (See Fig. 183.) 


Procedure: Check the input resistance and reactance (inductance 
or capacitance) of the filter over its normal operating range 
such as 200 to 2500 cycles). Make spot checks at half a dozen 


frequencies. 


Evaluation of Results: The input resistance of a properly termi- 
nated low-pass filter (speech filter) is resistive in the mid- 
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band region. On the other hand, the input impedance near 
the cutoff frequency will “look” highly reactive. (See Note 
85.) If a capacitive or inductive component is indicated in 
the midband region, change the L and C values in the filter 


as required. 


IMPEDANCE BRIDGE 


AUDIO 
OSCILLATOR 


FILTER UNDER TEST 


TERMINATING 
RESISTOR 


Fig. 183. Test setup. 


NOTE 85 


Variation of Filter Input Impedance With Frequency 


A filter stops the passage of frequen- 
cies outside its passband because the 
filter input impedance becomes high. 
Fig. 184 illustrates this principle. 
Here we have a simple L-section 
low-pass filter. When DC or low- 
frequency AC is applied to the input 
terminals, the input impedance is 
equal to R. As the input frequency 
is raised past the cutoff frequency 
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(determined basically by the reso- 
nant frequency of L and C), we find 
that the input impedance rises, and 
it “looks” inductive. In other words, 
L acts as a choke to high frequen- 
cies. Thus, at high frequencies, the 
input impedance “looks” like a large 
inductive reactance plus a small re- 
sistance. 


Fig. 184. A simple L-section low-pass 
filter. 


MISCELLANEOUS TESTS 


To Determine the Maximum Drive Which May be Applied 
to an RF, IF, or Audio Amplifier 


Equipment: Signal generator (for RF and IF amplifiers) , or audio 
generator (for audio amplifiers) and DC VOM or VTVM. 

Connections Required: Connect the voltmeter from the plate of 
the tube to ground, as shown in Fig. 185. 

Procedure: Advance the AC drive (from generator) to the grid 
of the tube until the meter reading starts to change. 

Evaluation of Results: The tube is operating linearly until the 
meter reading starts to change. 


Strictly speaking, a 100% linear amplifier does not exist be- 
cause there is always a slight curvature of the tube character- 
istics, even with heavy negative feedback. On the other hand, a 
practical definition of linear operation is the range of drive over 
which a negligible change in DC plate voltage occurs. 


SIGNAL OR 


Fig. 185. Test setup. AUDIO 
GENERATOR 
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To Check a Modulator for Balance 


Equipment: Audio generator and VOM or VTVM. 

Connections Required: Connect the audio-generator output to 
the speech-amplifier input. Connect the voltmeter, in turn, 
to the plates of the modulator tubes. 

Procedure: Operate the voltmeter on its DC voltage function. 
Observe the readings for low-, medium-, and high-level 
operation. 

Evaluation of Results: At points 1 and 2 in Fig. 186, the meter 
readings should be reasonably close. Widely unequal readings 
are caused by a faulty tube, or by a defect in the input or 
output transformer. 


CAUTION: Remember that the modulator plate voltage can 
kill. Use normal high-voltage measuring technique. 


MODULATOR , 


AUDIO 
GENERATOR , 


Fig. 186. Test setup. 
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To Measure an RF Frequency With a Heterodyne Frequency 
Meter 


Equipment: Coupling wire and heterodyne frequency meter. 

Connections Required: Connect the coupling wire to the RF input 
terminal of the frequency meter. 

Procedure: Operate the frequency meter on its VFO function, 
and zero-beat against the RF input signal. 

Evaluation of Results: Note the frequency reading on the VFO 
scale. This reading is accurate within the tolerance rating of 
the VFO (e.g., +1%). For greater accuracy, use the internal 
calibrating facilities of the meter. Check the nearby dial 
readings against the harmonics of the internal crystal oscil- 
lator. Finally, interpolate between a suitable pair of har- 
monic readings, to determine the dial indication at the maxi- 
mum accuracy. 


Different types of heterodyne frequency meters have various 
intervals between their internal calibrating frequencies. Thus, 
many instruments provide calibrating beats at 100-kc intervals. 
Others provide beats at 250-ke intervals. The accuracy of the 
calibrating oscillator (s) can be checked, when necessary, against 
WWYV transmissions. 


To Measure the Effective Radiated Power of an Antenna 


Equipment: Reference dipole antenna and field-strength meter. 

Connections Required: Connect the feeder to a simple dipole 
antenna (through an impedance-matching network, if re- 
quired). In the second part of the test, reconnect the feeder 
to the antenna under test. 

Procedure: Make measurements with the field-strength meter 
located a number of wavelengths from the transmitting an- 
tenna. First, beam the simple dipole broadside, directly to- 
ward the field-strength meter, and observe the meter reading. 
Next, beam the antenna under test for maximum field 
strength at the meter, and observe the relative field-strength 
reading. 
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Evaluation of Results: Conventional field-strength meters indi- 
cate voltage. Power is proportional to the voltage squared. 
In other words, if the relative field strengths are 2.25 to 1, 
the effective radiated power of the antenna under test is 


5 to 1. Therefore, the antenna under test provides a gain 
of 7 db. 


Although various refinements have been neglected in this test, 
it is the most practical method of measuring ERP with reasonable 
accuracy and convenience. 


To Measure the Front-to-Back Ratio of a Beam Antenna 


Equipment: Field-strength meter. 

Connections Required: None. 

Procedure: Locate the field-strength meter a number of wave- 
lengths from the transmitting antenna. Beam the antenna 
directly at the field-strength meter, and note the scale read- 
ing. Next, beam the antenna 180° away from the field- 
strength meter; again note the scale reading. 

Evaluation of Results: The ratio of the two readings gives the 
front-to-back voltage ratio. The square of the ratio gives the 
front-to-back power ratio. The front-to-back db ratio is given 
by 20 times the logo of the voltage ratio, or it may be found 
from decibel tables in most standard handbooks. 


To Check the Polarization of a Signal 


Equipment: Dipole antenna which can be rotated from horizontal 
to vertical; and shielded lead-in; and field-strength meter or 
receiver. 

Connections Required: First disconnect the antenna from the 
lead-in, to determine whether the lead-in is acting as an 
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antenna. In most instances, a pair of coaxial cables gives 
the least antenna effect. After determining that the lead-in 
is suitable, reconnect it to the antenna. 

Procedure: If a field-strength meter is used, tune in the signal 
under test; then rotate the antenna from the horizontal to 
the vertical position. Note the change in the reading of the 
field-strength meter. If a receiver is used, note the change 
in the S-meter reading. (See Fig. 187.) 

Evaluation of Results: The point where maximum signal strength 
is obtained denotes the polarization of the signal. However, 
in many instances the signal is elliptically polarized. In other 
words, it has substantial strength in both the vertical and the 
horizontal planes, although the strength in the two planes 
is different. It often happens, likewise, that the plane of 
maximum field strength is neither horizontal nor vertical, 
but has an intermediate angle instead. 


HORIZONTAL ANTENNA 


VERTICAL 
ANTENNA 
TO FIELD-STRENGTH TO FIELD- STRENGTH 
METER OR RECEIVER METER OR RECEIVIER 
(A) Horizontal. (B) Vertical. 


Fig. 187. Checking wavefront polarization. 
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NOTE 86 


Padding Out a Balun 


A balun is a series- and parallel- 
connected pair of line sections. 
Hence, its input impedance must 
always be half the line impedance; 
and its output impedance must al- 
ways be double the line impedance. 
This limits the number of source load 
impedances which can be matched 
directly by a balun. However, a 
balun can be padded out to match 
any impedance. This is shown in 
Fig. 188, where a 75-ohm, single- 
ended’ source is matched to a 600- 


ISON LINE 


75.2 CABLE 


ISON LINE 


ohm, double-ended load. The balun 
is constructed from a pair of 150- 
ohm line sections. The paralleled end 
of the balun gives a 75-ohm input 
impedance, and the series-connected 
end gives a 300-ohm output imped- 
ance. This is stepped up to match 
a 600-ohm load by a half-H pad. 
The balun converts the single-ended 
source into a double-ended output. 
In turn, the resistive pad provides 
a match to the desired load value. 


200 1 


6000 
OUTPUT 


200N 


Fig. 188. A balun for converting a single-ended source into a double-ended 
output. 


To Determine Real Power, Using Current-Voltage Cyclo- 


grams 


Equipment: None, if circuit contains a series resistor. Otherwise, 
insert a small series resistor. 

Connections Required: Connect the driving-voltage point to the 
vertical-input terminals of the scope. Connect the horizontal- 
input terminals of the scope across the series resistor. (See 
Fig. 189.) 

Procedure: Adjust the scope gain controls for an elliptical pattern 
on the scope screen. It is helpful, although not necessary, 
to adjust the gain controls for equal pattern height and width. 

Evaluation of Results: A circular pattern shows zero real power. 
A straight, oblique line shows 100% real power. Intermediate 
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elliptical patterns show various percentages of real power 
in the circuit, as illustrated in Fig. 190. 


Fig. 189. Test setup. AUDIO 


GENERATOR 


(C) 25% real power. (D) 5% real power. 


Fig. 190. Typical power patterns. 
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To Interpret High-Frequency Waveforms by Brightness 
Clues 


Equipment: As specified for a given test. 

Connections Required: As noted for that test. 

Procedure: Inspect the display, giving attention to the brightness 
variations from the top to the bottom of the pattern. 

Evaluation of Results: When RF voltages are displayed, it is usu- 
ally impossible to see the actual waveform. On the other hand, 
certain inferences can be made concerning waveshape from 
the brightness variations in the display. The waveshape is 
evaluated on the basis that a slow-moving trace gives a bright 
line in the pattern, and that a fast-moving trace gives a dim 
or dark area or line. This is shown in Fig. 191. In each in- 
stance the actual waveform is as shown on the left-hand side, 
and the waveform directly opposite it on the right-hand side 
shows its appearance when the horizontal-deflection rate is 
limited. 


(A) Actual waveform. (B) Waveform at A when hori- 
zontal-deflection rate is limited. 


(C) Actual waveform. (D) Waveform at C when hori- 
zontal-deflection rate is limited. 
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(E) Actual waveform. (F) Waveform at E when hori- 
zontal-defiection rate is limited. 


(H) Waveform at G when hori- 
zontal-deflection rate is limited. 


(1) Actual waveform. (J) Waveform at I when hori- 
zontal-deflection rate is limited. 


Fig. 191. Determining waveforms by brightness clues. 
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To Check a High-Frequency Waveform for Distortion, Using 
a Zero-volt Base-Line Reference 


Equipment: Same as specified in the given test. 

Connections Required: As described under that test. 

Procedure: Observe the location of the peak RF voltages on the 
scope screen. Then short the vertical-input terminals, and 
observe the location of the zero-volt base line on the screen. 

Evaluation of Results: If the pattern has a sine waveform, the 
peak voltage levels will be the same distance above and 
below the zero-volt level. On the other hand, if one half 
cycle of the waveform has a different shape from the other 
half cycle (as shown in Fig. 192), the peak voltage levels 
will be at unequal distances from the zero-volt level (as 
shown in Fig. 193). 


This is a handy method of evaluating wavefrom distortion 
when the signal has too high a frequency for displaying indi- 
vidual cycles of the waveform on the screen. (The waveform 
shown in Fig. 192 is the same as the one shown in Fig. 193, except 
that the horizontal-deflection rate of the scope is reduced in 
Fig. 193.) The method has certain limitations, however. Thus, if 
both the positive and the negative peaks of a sine wave are flat- 
tened by exactly the same amounts, the base-line method does 
not show the presence of this distortion. On the other hand, this 
distortion shows up as a brightening of the top and bottom edges 
of the pattern, as explained in U100. 


Fig. 192. Waveform containing Fig. 193. Same waveform 

odd-harmonic distortion. shown in Fig. 192, except 
scope deflection rate reduced 
and base line superimposed on 
pattern. 
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NOTE 87 


Display of Ringing or Parasitic Distortion in Waveforms 


When ringing or parasitic distortion 
occurs, a relatively high-frequency 
sine waveform (damped or un- 
damped) will be superimposed upon 
a lower-frequency waveform. Even 
when the horizontal-deflection rate 
of the scope is unable to display 
individual cycles of the signal under 
test, the high-frequency sine-wave 
distortion can still be observed from 
changes in pattern brightness from 
the top to the bottom of the screen. 
In Fig. 194 we see a simple example. 
The waveform without the spurious 
ringing component is shown in Fig. 
194A. Note, however, that the hori- 
zontal-deflection rate of the scope is 
unable to display the individual cy- 


(A) Waveform without spuri- 
ous ringing. 


(C) Waveform with damped 
sine-wave ringing component. 


cles of the signal in Fig. 194A. Fig. 
194B shows the individual cycles of 
the waveform given in Fig. 194A. 
The waveform in Fig. 194C shows the 
appearance of the wavefrom when 
a damped sine-wave component is 
present on the signal, but the scope 
cannot reproduce the individual cy- 
cles of the signal. The damped sine- 
wave component causes broad light 
bands to appear at the top and bot- 
tom of the pattern. In addition, damp- 
ing in the ringing waveform shows 
up as a brighter line through each 
of the bright bands. The individual 
cycles of the waveform given in Fig. 
194C are shown in Fig. 194D. 


(B) Individual cycles of wave- 
form at A. 


(D) Individual cycles of wave- 
form at C. 


Fig. 194. Spurious ringing in a high-frequency waveform. 
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NOTE 88 


Zero-Volt Reference Line Indicates Positive and Negative Portions 
of Any Waveform 


As shown in Fig. 195, the zero-volt 
base line divides any waveform into 
its positive and negative portions. 
The polarity division occurs, regard- 
less of the horizontal-deflection rate 
or the type of horizontal-deflection 
voltage. Thus, the zero-volt base line 
shows either the positive and nega- 
tive portions of a Lissajous figure 
generated by two sine waves (Fig. 
195A), a sine-wave pattern displayed 
on a sawtooth sweep, a square-wave 
pattern displayed on a_ sawtooth 
sweep (Fig. 195B) or a cyclogram of 
a current waveform deflected hori- 
zontally by a voltage waveform. The 
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polarity indication in unaffected by 
the number of cycles displayed on 
the screen, or by the setting of the 
sync-amplitude control. The zero- 
volt base line must not be confused 
with the retrace which is sometimes 
visible on a sawtooth sweep (Fig. 
195C). The sawtooth retrace may 
appear at any level in the pattern, 
depending upon the setting of the 
sync-amplitude control. On the other 
hand, the zero-volt base line is the 
horizontal trace observed when the 
vertical-input terminals of the scope 
are short-circuited. 


(A) Lissajous figure formed 
by two sine waves. 


(B) Square wave displayed on 
sawtooth sweep. 


(C) Retrace line on scope 
screen. 


Fig. 195. Division of waveform into positive and negative half cycles with 


zero-volt base line. 
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Ammeter, RF, using VTVM as, 97-98 
Amplifier, determining maximum permis- 
sible drive, 153 
Antenna, dipole, resonant frequency of, 
effective radiated power, measurement 
of, 155-156 
front-to-back ratio, measurement of, 156 
matching to feed line with stub, 38-39 
Antenna impedance meter, 79-93 
calibration check of, 79-80 
converting to Wheatstone bridge, 139-140 
coupling signal generator to, 86 
effect of reactance in unknown, 91 
false indication using coupling loop, 86 
high-impedance values, measurement of, 
91 


localizing sources of reradiation with, 89 
used as field-strength meter, 87-88 
using tuned input circuit, 88 
used as phone monitor, 88-89 
Antenna reactance, tuning out, 36-37 
Antenna-to-line match, determination of, 


Attenuation, low-frequency, speech clipper, 
check of, 103-104 

Audio distortion, over-all check for, 126- 
127 

Audio frequency, measurement of, 150-151 


Balance, of modulator, check of, 154 
Balun, padding out of, 158 
Bandpass filter, checking of, 63-65 
Beam travel, direction of, determination of, 
112-113 
Bridge, Belfils, use of, 147-148 
capacitance, 142-143 
advantages of meter amplifier, 144 
Hay, use of, 145 
Maxwell, use of, 146 
range switch, 141 
resistance, advantage of meter amplifier, 
144 
wide-range, 141 
tests, 139-152 
typical impedance, functions of, 151 
Wheatstone, converting antenna imped- 
ance meter to, 139-140 
on-off switch, addition of, 140 
power requirements, 141 
Wien, use of, 150-151 
Bridge oscillator, adjustment of, 149-150 
Bridge reading, correction of Q and D 
readings, 148 
Brightness clues, used to interpret wave- 
forms, 160-161 


Calibration check, antenna impedance 
meter, 79-80 
grid-dip meter, 11-12, 14 
Capacitance, distributed, of coil, 45-46 
measurement of, 48-50, 94-95, 142-143 
effect of leakage resistance on, 143-144 
Capacitance bridge, advantages of meter 
amplifier, 144 
Capacitor, fixed, measurement of, 142-143 
measuring capacitance of, 48-50 


Capacitor—cont’d 
neutralizing, adjustment of, 75-77 
power factor, measurement of, 143 
terminating, effect on open stub, 23 
Capacity coupling, grid-dip meter, 12-13 
open stub, 18-19 
Carrier shift, cause of, 108-109 
check for, 107-108 
Characteristic impedance, line, measure- 
ment of, 84 
terminating stub with, 28 
Characteristics, cutoff, filter, 52-54 
Clipper, high-level, operation, check of, 
123-124 


Clipping distortion, speech amplifier, check 
for, 115-116 
Coaxial cable, as low-pass filter, 57 
Coaxial line, check for standing waves, 35 
coupling grid-dip meter to, 13 
Coaxial stub, checking with grid-dip meter, 
20 
Coil, coupling grid-dip meter to, 12-13 
distributed capacitance, measurement of, 
45-46 
inductance, measurement of, 46-47 
RF, ee ane self-resonant frequency 
of, 40 
RF resistance, determination of, 47-48 
shunt resistance, effect of, 146-147 
Controlled-carrier transmitter, operation 
check, 137-138 
Coupling 
grid-dip meter, capacitive, 12-13 
close, effect of, 11-12, 15 
inductive, 12 
to circuit, method of, 12-13 
to coaxial stub, 19 
to dipole antenna, 32-33 
to feed line, 34 
to open stub, 18-19 
to resistive terminated stub, 30 
Current and voltage, determining phase 
relationship, 113-114, 115 
Current distribution, dipole antenna, 32-33 
open stub, 19 
shorted stub, 13-14 
Cutoff characteristics, filters, 52-54 
Cyclograms, current-voltage, use of, 158- 
159 


Detuning effect, of grid-dip meter, correc- 
tion for, 83 
Dip indication, grid-dip meter, cause of, 41 
tuned stub, 15 


Dipole antenna 
resonant frequencies, 32-33 
check of, 32 


Distortion, audio, over-all check for, 126- 

clipping, speech amplifier, check for, 115- 
116 

high-frequency waveform, checking of, 


overload, speech amplifier, check for, 
116-117 
Drive, maximum, determination of, 153 


165 


INDEX 


Effective radiated power, measurement of, 
155, 156 
Efficiency check, RF short, 16 


Feed line, standing waves on, check of, 33- 


Field-strength meter 
using antenna impedance meter as, 87-88 
tuned input circuit for, 88 
Field-strength tests, increasing sensitivity 
for, 88 
Filter, balance, testing of, 62-63 
bandpass, checking of, 63-65 
termination of, 64 
check of, 50-74 
circuitry, conventional vs actual repre- 
sentation, 132 
construction of, inductors for, 57 
cutoff, effect of additional sections, 52-54 
end-section, m-derived, 66-70 
frequency response, check of, 61-62 
high-pass, L-section, check of, 58-59 
pi-section, check of, 59-60 
m-derived end section for, 69-70 
T-section, check of, 60-61 
m-derived end section for, 70 
input impedance, variation with fre- 
quency, 152 
keying, effect on waveform, 124-126 
phase shift in, 125-126 
low-pass, construction of, 51-52 
L-section, check of, 50 
pi-section, check of, 51 
m-derived, check of, 71 
end section for, check of, 66 
source resistance too high, 55 
T-section, check of, 55-56 
m-derived high-pass, intermediate-T 
section, check of, 73-74 
pi-section, check of, 69-70 
end section for, check of, 69 
T-section, check of, 73-74 
end section for, check of, 70 
m-derived low-pass 
pi-section, check of, 71 
end section for, check of, 66 
T-section, check of, 71-72 
end section for, check of, 67-68 
O-section, configuration of, 62-63 
response check, sweep-frequency, 53-58 
section, termination with another section, 
52 
shielding for, 131-132 
speech, input impedance, check of, 151- 
152 
TVI, frequency-response check, 130-131 
twin-T, configuration for, 106 
two-section, cutoff characteristics, 53-54 
unterminated, frequency response of, 54 
Frequency, audio, measurement of, 150- 
151 


bridge oscillator, adjustment of, 149-150 
local oscillator, determination of, 78 
RF, measurement of, 155 
Frequency checks, use of communications 
receiver for, 14 
Frequency response, bandpass filter, check 


ot, 
filters, 61-62 
resistance terminated stub, 26-28 
speech filters, check of, 103 
stub, check of, 29-30 
TVI filter, check of, 130-131 
unterminated filter, 54 
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Front-to-back ratio, beam antenna, meas- 
urement of, 156 


Grid-dip meter, 11-78 
accuracy check, scale indication, 11-12 
calibration, check of, 11-12, 14 
correction for detuning effect, 83 
self-resonances, check of, 15 
elimination of, 16 
stability check of, 14-15 
used as absorption wavemeter, 78 
Grid tanks, pretuning of, 76 


H-type filter, configuration of, 63 
Half-wave stubs; see Stub, open 
Half-wavelength, cutting of, 82-83 
Hay bridge, use of, 145 
Heterodyne frequency meter, measuring 
RF frequency of, 155 
High-level clipper, operation, check of, 
123-124 
sas filter, H-section, configuration 
of, 63 
intermediate-T section, m-derived, check 
of, 73-74 
L-section, check of, 58-59 
O-section, configuration of, 63 
pi-section, 59-60 
m-derived end section for, 69 
T-section, check of, 60-61 
m-derived end section for, 70 
Hum level, speech amplifier, measurement 
of, 101 


Impedance, characteristic, measurement of, 
84 


input, receiver, measurement of, 81-82 
speech amplifier, measuring of, 90 
speech filter, check of, 151-152 
variation with frequency, 152 

Impedance bridges, functions of, 151 
Impedance values, high, measurement of, 91 
Inductance, coil, measurement of, 46-47, 
94-95, 145 
leakage, transformer, measurement of, 
148-149 
cause of, 149 
Inductive coupling, grid-dip meter, 12 
open stub, 18-19 
Inductive reactance, formula for, 47 
Inductor, terminating, effect on shorted 
stub, 23-24 


Keying wave, check of, 124-125 


L-section filter, high-pass, check of, 58 
low-pass, check of, 50 
LC circuit, measuring Q of, 43-44 
measuring resonant frequency of, 42 
Line, characteristic impedance of, meas- 
urement of, 84 
coupling grid-dip meter to, 12-13 
match to antenna, determination of, 81 
reflected power on, percentage of, meas- 
urement of, 137 
standing-wave ratio on, measurement of, 
84-85, 137 
velocity factor, measurement of, 17-18 
Lissajous figures, 116, 117 
Load resistance, filters, effect on response, 
54, 55, 56 
Low-pass filter, check of, 50-51 
construction of, 51-53 
H-section, configuration of, 63 
L-section, check of, 50 
O-section, configuration of, 62 


INDEX 


Low-pass filter—cont’d 
pi-section, check of, 51 
m-derived, check of, 71 
end section for, check of, 66 
source resistance too high, 55 
T-section, check of, 55-56 
m-derived, check of, 71-72 
end section for, check of, 67-68 


m, meaning of, 66-67 
m-derived filter sections 
high-pass, intermediate-T section, check 
of, 73-74 
pi-section, check of, 69-70 
end section for, check of, 69 
T-section, check of, 73-74 
end section for, check of, 70 
low-pass 
pi-section, check of, 71 
end section for, check of, 66 
T-section, check of, 71-72 
end section for, check of, 67-68 
Maxwell bridge, use of, 146 
Meter amplifier, advantages of, 144 
Modulation, percentage of, determination 
of, 110 
spurious phase, check for, 129 
Modulation meter, using VOM as, 109-110 
Modulation monitor, using scope as, 133 
Modulation percentage, determining from 
trapezoidal patterns, 121 
Modulator, balance, check of, 154 
Milliammeter, RF, using VTVM as, 97-98 
Multiplier, VOM, 100 


Neutralizing capacitor, adjustment check, 


adjustment of, 76-77 


O-type filter, configuration of, 62-63 
Open stub, checking of, 18-19 
standing waves on, 19 
Oscillations, parasitic, localization of, 77 
Oscillator, bridge, adjustment of, 149-150 
receiver local, determining frequency of, 


Oscilloscope tests, 111-134 
Output, maximum undistorted, determina- 
tion of, 105-106 
power amplifier, measurement of, 104- 


Overmodulation, indication of, 123 
recognition in out-of-phase trapezoidal 
patterns, 128 
Overmodulation indicator, using VOM as, 
96-97 


Padding out a balun, 158 
Parallel-resonant circuit, measuring resist- 
ance of, 147-148 
Parasitic distortion, effect on waveform, 163 
Parasitic oscillations, localization of, 77 
Phase, trapezoidal patterns, 119-121 
Phase angle, measurement of, 111-112, 
114-115 
Phase modulation, spurious, check for, 129 
Phone monitor, using antenna impedance 
meter as, 88-90 
Pi-section filter 
high-pass, check of, 59-60 
m-derived, check of, 69-70 
end section for, check of, 69 
low-pass, check of, 51 
m-derived, check of, 71 
end section, check of, 66 


Plate tanks, pretuning of, 76 
Pointer displacement, grid-dip meter, 78 
Polarization of signal, check of, 156-157 
Power, effective radiated, measurement of, 
155-156 
real, determination of, 158-159 
Power amplifier 
output, maximum undistorted, determi- 
nation of, 105-106 
measurement of, 104-105 
Power ne AC device, measurement of, 
capacitor, measurement of, 143 
Power supply, measuring phase angle in, 
111, 114-115 


Q, definition of, 44-45, 145 
measurement of, LC circuit, 43-44 

Q bars, adjustment of, 81, 87 
use of, 86 

Quality factor, 42 

Quarter-wave stubs; see Stub, shorted 


Ratio, standing-wave, measurement of, 84- 
8 


Reactance, antenna, tuning out, 36-37 
inductive, formula for, 47 
Receiver, communications, frequency 
checks with, 14 
input, tuning an inductive reactance in, 
92 


input impedance, measurement of, 81-82 
local oscillator, frequency determination 


of, 78 
Reflected power, percentage of, measure- 
ment of, 137 


Reflected-power and SWR meter, 135-138 
amplitude modulation, effect on reading, 
138 
construction of, 136 
impedance requirements, 136 
Reflections, on stub, voltage and current, 20 
Reradiation, localizing sources of, 89 
Resistance, leakage, effect on capacitance 
measurements, 143-144 
RF, of coil, determination of, 39-40, 47-48 
shunt, effect on inductance measure- 
ments, 146 
Resistance bridges, advantages of meter 
amplifier, 144 
Resistance terminated stub, frequency- 
response check, 26-28 
Resistances, matching with a quarter-wave 
section, 35 
Resistive terminated stub, coupling grid- 
dip meter to, 30 
frequency response, check of, 29-31 
Resistor, effect of reactive component on 
apparent resistance, 80 
load, tuning out inductive reactance in, 92 
Resonances, in transmitter, check for, 74-75 
self-, grid-dip meter, 15-16 
Resonant circuit, measuring resistance of, 
147-148 
Resonant frequency, capacitively-tuned 
stub, 22 
dipole antenna, 32-33 
LC circuit, measurement of, 42 
open stub, 19 
self-, RF coil, 40 
RF amplifier, check for stray coupling in, 
107 
RF field indicator, using VOM as, 98-99 
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RF frequency, measurement of, 155 
RF short circuit, efficiency check of, 16 
Ringing in waveform, effect of, 163 


Scale indication check, grid-dip meter, 
Scope, used as modulation monitor, 133 
Self-resonances, grid-dip meter, 15-16 
Series-resonant circuits, measuring resist- 
ance of, 147-148 
Shielding, power-handling filters, 131-132 
Shift, carrier, cause of, 108-109 
check for, 107-108 
Short 
RF, construction of, 17 
efficiency check of, 16 
Signal, polarization of, check of, 156-157 
Signal generator, coupling to, antenna im- 
pedance meter, 86 
Speech amplifier, amplitude-linearity re- 
quirements, 117 
clipping distortion, check for, 115-116 
hum level, measurement of, 101 
input impedance, measuring of, 90 
overload distortion, check for, 116-117 
voltage gain, measurement of, 102 
Speech clipper, low-frequency attenuation, 
check of, 103-104 
operation, check of, 122 
Speech-clipper filter, frequency-response 
check, 103 
Speech filter, input impedance, check of, 
151-152 
Stability check, grid-dip meter, 14-15 
Standing-wave ratio, determination of, 28 
measurement of, 84-85, 137 
shorted stub, 28 
Standing waves, characteristics of, 21-22 
check of feed line for, 33-34 
coaxial line, check of, 35 
open stub, 19 
Stray coupling, RF amplifier circuit, check 
of, 107 
Stub, adding trimmer capacitors to, 23 
adjustment of, 81 
capacitively-tuned, measuring resonant 
frequency of, 22 
cut as capacitor or inductor, 37-38 
frequency response, check of, 29-30 
grid-dip meter check, 24 
matching, adjustment of, 87 
matching antenna to feed line with, 38-39 
open, checking of, 18-19 
effect of terminating capacitor, 23 
properties of, 37-38 
standing-wave ratio on, 28 
resistance terminated, frequency- 
response check, 26-28 
resistive terminated, coupling grid-dip 
meter to, 30 
frequency-response check of, 29-31 
resonant, shorted at both ends, 25-26 
shorted, characteristics of, 13-14 
effect of terminating inductor, 23-24 
properties of, 37-38 
resonant frequencies of, 13-14 
standing-wave ratio on, 28 
terminating with characteristic imped- 
ance, 28 
tuned, dip indication of, 15 
voltage and current reflections on, 20-21 
Stub calculations, difficulties in, 39-40 
Stub termination, effect of inductor or ca- 
pacitor, 24 
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Sweep-frequency filter-response check, 
57-58 
Synchro system, checking for faults, 99-100 


T-section filter 
high-pass, check of, 60-61 
m-derived, check of, 73-74 
end section for, check of, 70 
low-pass, check of, 55-56 
m-derived, check of, 71-72 
end section for, check of, 67-68 
Tank circuits, pretuning with grid-dip me- 
ters, 76 
Transformer, leakage inductance, measure- 
ment of, 148-149 
Transmitter, check for resonances in TV 
band, 74-75 
controlled-carrier, operation check, 137- 
138 
neutralizing capacitor, adjustment check, 
75-76 
adjustment of, 76-77 
tuning up, using reflected-power/SWR 
meter, 135 
Trapezoidal modulation patterns, discus- 
sion of, 117-118 
determining modulation 
from, 121-122 
effect of nonsinusoidal modulating volt- 
age, 133-134 
obtaining correct phase, 119-121 
out-of-phase, overmodulation in, 128 
variations in, 118-119 
TV band, check for transmitter resonances 
in, 74-75 
TVI, check for, 74-75 
TVI filter, frequency response, check of, 
130-131 


percentages 


Velocity factor, measurement of, 17-18 
Voltage, zero, open stub, 25 
Voltage and current, determining phase 
relationship, 113-114, 115 
Voltage distribution, dipole antenna, 32-33 
open stub, 19 
shorted stub, 13-14 
Voltage gain, speech amplifier, measure- 
ment of, 102 
VOM, measuring inductance with, 94-95 
multiplier for, 100 
used as modulation meter, 109-110 
used as overmodulation indicator, 96-97 
used as RF field indicator, 98-99 
VOM and VTVM tests, 94-110 
VTVM, used as RF ammeter or milliam- 
meter, 97-98 


Waveform, distortion, checking of, 162 
interpretation by brightness clues, 160- 
161 
parasitic distortion in, effect of, 163 
ringing in, effect of, 163 
zero-volt line, use of, 162, 164 
Wavemeter, absorption, using grid-dip 
meter as, 78 
Waves, standing, characteristics of, 21-22 
Wheatstone bridge, adding on-off switch 
to, 140 
converted from antenna impedance me- 
ter, 139-140 
power requirements, 141 
Wien bridge, use of, 150-151 
Winding resistance, inductor, 95-96 


Zero-volt reference line, use of, 162, 164 
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